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(57) Abstract 

Novel derivatives of cell surface proteins which are homologous to the immunoglobulin superfamily (adhesons) ; 
provided Amio acid sequence variations are introduced into adheson, the most noteworthy of which are those in wh: 
the transmembrane and, preferably, cytoplasmic domains are rendered functionally inactive, and in which adheson extr 
eilular domains replace an immunoglobulin variable region. These variants are useful in therapy or diagnostics, in par, 
ular, CD4 variants are therapeutically useful in the treatment of HIV infections. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to ideatify States party to the PCT on the ^ 
cations under the PCT. 



AT 


Austria 


fr 


Franco 


ML 


Mali 


AU 


Australia 


GA 


Gabon 






BB 


Barbados 


GB 


United Kingdom 




Malawi 


BB 


BctQ^mn 


HU 


HungQiy 


ML 




B6 


Bulgaria 


IT 


Italy 


NO 


Norway 


BJ 


Brain 


JP 


Japan 


RO 




bs 


Brazil 


SP 


Democratic People's Republic 


SD 


Sudan 


cs 


Central African Republic 




of Korea 


SB 


Swedes 


CG 


Congo 


sa 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


u 




su 


Sovfst Union 


CM 


Cameroon 


LS 


Sri Lmifcn 


TO 


Chcd 


DB 


Germany, Federal Republic of 


LU 




TG 


Togo 


DK 


^^esfflozfc 


MC 


Monaco 


US 


United States of America 


PI 


Finland 


MG 


Madagascar 







WO 89/02922 



PCT/US88/03414 



-1- 

ADHESON VARIANTS 

Background of the Invention 

This application relates to compositions for antiviral or 
5 immunomodulatory therapy. In particular, it relates to 

compositions useful in the treatment of Human Immunodeficiency 
Virus (HIV) infections. 



The primary immunologic abnormality resulting from 

10 infection by HIV is the progressive depletion and functional 

impairment of T lymphocytes expressing the CD4 cell surface 
glycoprotein (H. Lane et al., Ann. Rev. Immunol. 3:477 [1985]). 
CD4 is a non-polymorphic glycoprotein with homology to the 
immunoglobulin gene superfamily (P. Maddon et al., Cell 42:93 

15 [1985]). Together with the CD8 surface antigen, CD4 defines two 

distinct subsets of mature peripheral T cells (E. Reinherz et ai., ■ 
Cell 12^821 [1980]), which are distinguished by their ability to 
interact with nominal antigen targets in the context of class I and 
class II major histocompatibility complex (MHC) antigens, 

20 respectively (S. Swain, Proc. Natl. Acad. Sci. 78:7101 [1981]; E. 

Engleman et al., J. Immunol. 127 :2124 [1981]; H. Spitz et al., J. 
Immunol. 122:1563 [1982]; W. Biddison et al., J. Exp. Med. 156:1065 
[19821; and D. Wilde et al. f J. Immunol. 131:2178 [1983]). For the 
most part, CD4 T cells display the helper/inducer T cell phenotype 

25 (E. Reinherz, supra ) . although CD4 T cells characterized as 

cy to toxic/suppressor T cells have, also been identified (Y. Thomas 
et al., J. Exp. Med. JL54:459 [1981]; S. Meuer et al., Proc. Natl. 
Acad. Sci. USA 22:4395 [1982]; and A. Krensky et al., Proc. Natl. 
Acad. Sci. USA 22:2365 [1982]). The loss of CD4 helper/inducer T 

30 cell function probably underlies the profound defects in cellular 

and humoral immunity- leading to the opportunistic infections and 
malignancies characteristic of the acquired immunodeficiency 
syndrome (AIDS) (H. Lane supra). 
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Studies of HIV- 1 infection of fractionated CD4 and CD 8 T 
cells from normal donors and AIDS patients have revealed that 
depletion of CD4 T cells results from the ability of HIV- 1 to 
selectively infect, replicate In, and ultimately destroy this T 

5 lymphocyte subset (D. Klatzmann et al., Science 225 :59 [1984]). 

The possibility that CD4 itself is an essential component of the 
cellular receptor for HIV-I was first indicated by the observation 
that monoclonal antibodies directed against CD4 block HIV-I 
infection and syncytia induction (A. Dalgleish et al . , Nature 

10 [London] 312:767 [1984]; J. McDougal et al., J. Immunol. 135:3151 

[1985]). This hypothesis has been confirmed by the demonstration 
that a molecular complex forms between CD4 and gpl20, the major 
envelope glycoprotein of HIV-I (J. McDougal et al. , Science 231 :382 
[1986]; and the finding that HIV-I tropism" can be conferred upon 

15 ordinarily non-permissive human cells following the stable 

expression of a CD4 cDNA (P. Maddon et al. t Cell 41:333 [1986]).. 
Furthermore, the neurotropic properties of HIV-I, reflected by a 
high incidence of central nervous system dysfunction in HIV-I 
infected individuals (W. Snider et al., Ann. Neurol. 14:403 

20 [1983]), and the ability to detect HIV-I in the brain tissue and 

cerebrospinal fluid of AIDS patients (G. Shaw et al. ( Science 
22Z:177 [1985]; L. Epstein, AIDS Res. 1:447 [1985]; S. Koenig, 
Science 221:1089 [1986]; D. Ho et al., N. Engl. J. Med. 313:1498 
[1985]; J. Levy et al., Lancet H:586 [1985]), appears to have its 

25 explanation in the expression of CD4 in cells of neuronal, glial 

and monocyte/macrophage origin (P. Maddon, Cell 4£:444 [1986]; I. 
Funke et al., J. Exp. Med. 1££:1230 [1986]; B. Tourvieille et al., 
Science 234:610 [1986]). 



30 In addition to determining the susceptibility to HIV-I 

infection, the manifestation of cytopathic effects in the infected 
host cell appears to involve CD4. Antibody to CD4 was found to 
Inhibit the fusion of uninfected CD4 T cells with HIV-I infected 
cells In vitro; moreover, the giant multinucleated cells produced 

35 by this event die shortly after being formed resulting in the 
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depletion of the population of CD4 cells (J. Lifson et al., Science 
232:1123 [1986)). Formation of syncytia also requires gpl20 
expression, and can be elicited by coculturing CD4 -positive cell 
lines with cell lines expressing the HIV- 1 env gene in the absence 
5 of other viral structural or regulatory proteins (J. Sodroski et 

al., Nature 322:470 [1986]; J. Lifson et al. , Nature 321:725 
[1986]). Thus, in mediating both the initial infection by HIV- 1 as 
well as eventual cell death, the interaction between gpl20 and CD4 
constitutes one of several critical entry points in the viral life 
10 cycle amenable to. therapeutic intervention (H. Mitsuya et al., 

Nature 325:773 [1987]). 

The known sequence of the CD4 precursor predicts a 
hydrophobic signal peptide, an extracellular region of 

15 approximately 370 amino acids, a highly hydrophobic stretch with 

significant identity to the membrane -spanning domain of the class- 
II MHC beta chain, and a highly charged intracellular sequence of 
40 residues (P. Madden, Cell 42:93 [1985]). The extracellular 
domain of CD4 consists of four contiguous regions each having amino 

20 acid and structural similarity to the variable and joining (V-J) 

domains of immunoglobulin light chains as well as related regions 
in other members of the immunoglobulin gene superfamily (a subclass 
of which are defined herein by the coined term "adhesons" . These 
structurally similar regions of CD4 are termed the V^, V2, V3 and 

25 V4 domains (denominated 1-4 in Fig. 3). 

A successful strategy in the development of drugs for the 
treatment of many receptor mediated abnormalities has been the 
identification of antagonists which block binding of the natural 

30 ligand. Since the CD4 adheson ordinarily binds to the recognition 

sites of the HIV envelope it would appear to be a candidate for 
therapeutically sequestering these HIV sites, thereby blocking 
viral inf activity. However, full length CD4 and other adhesons are 
cell membrane proteins which are anchored in the lipid bilayer of 

35 cells. The presence of membrane components will be undesirable 
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from the standpoint of manufacturing and purification. In 
addition, since adhesons are normally present only on cell 
surfaces, it would be desirable to produce adhesons in a form which 
is more stable in the circulation. Additionally, even truncated, 
soluble CD4 adheson (generally referred to as CD4T) may not be 
optimally effective as a therapeutic since it possesses a 
relatively short biological half -life, binds to HIV no better than 
cell surface CD4, may not cross the placental or other biological 
barriers and since it merely sequesters the HIV recognition sites 
without in itself bearing an infected- cell killing or virus killing 
functionality . 

Accordingly, it is an object of this invention to produce 
soluble, secreted adhesons. It is another object to produce CD4 
derivatives useful in the treatment of AIDS and related conditions, 
in a manner essentially unaffected by the extreme degree of genetic 
variation observed among various HIV- 1 Isolates and their 
respective env polypeptides (J. Coffin, Cell 46:1 [1986]). Still 
another object Is to prepare adhesons fused to other polypeptides 
in order to provide molecules with novel functionalities such as 
those described above for therapeutic use, or diagnostic reagents 
for the In vitro assay of adhesons or their ligands. In 
particular, it is an objective to prepare molecules for directing 
toxins or effector molecules (for example the Fc domain of 
immunoglobulin) to cells bearing receptors for the adhesons, e.g. 
HIV gpl20 in the case of CD4, and for use in facilitating 
purification of the adhesons. It is a further object to provide 
stable, highly purified adheson preparations. 

Summary 

The objects of this invention are accomplished by providing 
nucleic acid encoding an amino acid sequence variant of an adheson, 
in particular a variant in which the trans -membrane domain is 
modified so that It is no longer capable of becoming lodged in the 
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cell membrane. In the case of CD4 such variants are termed soluble 
CD4. 



Variant adhesons are produced by a method comprising (a) 
5 transforming a host cell with nucleic acid encoding an amino acid 

sequence variant of an adheson, (b) culturing the host cell and (c) 
recovering the variant adheson from the host cell culture media or 
from lysates of the host cell, 

10 In specific embodiments, the objects of this invention are 

accomplished by providing an adheson variant selected from the 
group consisting of (a) an adheson amino acid sequence variant 
having an inactivated transmembrane domain and (b) a polypeptide 
comprising an adheson extracellular domain fused to the sequence of 

15 a polypeptide which is different from the adheson, this latter, for 

example, selected from a cy to toxin, an immunogen or a protein with 
a long plasma half life such as an immunoglobulin constant domain. 

In a preferred embodiment a polypeptide comprising a gp!20 

20 binding domain of the CD4 adheson is fused at its C-terminus to an 

immunoglobulin constant domain, or is linked to a cytotoxic 
polypeptide such as ricin. 

The CD4 adheson variants provided herein are purified and 
25 formulated in pharmacologically acceptable vehicles for 

administration to patients in need of antiviral, neuromodulatory or 
immunomodulatory therapy, in particular patients infected with HIV, 
and for use in the modulation of cell adhesion. 



30 Brief Description of the Drawings 

Figs, la-lc depict the amino acid and nucleotide sequence 
of a secreted form of the CD4 adheson. The signal processing site 
is designated with an arrow. 
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Figs. 2a- 2c depict the amino acid and nucleotide sequence 
of a fusion of the herpes gD leader and N- terminal 27 residues to 
the putative mature N- terminus of CD4T. 

5 Fig. 3 depicts the structural elements of the native and 

soluble CD4 adheson, the native human IgGi ( T1 ) heavy chain and two 
exemplary heavy chain- CD4 chimeras. 

Figs. 4a-4b are a map of the linkered human IgGi (7"l) chain 
10 fragment employed in the preparation of CD4 fusions. Insert sites 

are designated 7I and Fc. 

Fig. 5 is a map of the human w light chain fragment useful 
for CD4 fusions at the arrow flanked by (light variable and' 

15 joining) and C K (light constant). 

itet-a-M ^d Description 
Adhesons are cell surface polypeptides having an 
extracellular domain which is homologous to a member of the 

20 immunoglobulin gene superfamily, excluding, however, highly 

polymorphic members of this superfamily selected from the group of 
class I and class II major histocompatibility antigens, 
immunoglobulins and T-cell receptor a, 0, 7 and S chains. Examples 
of adhesons include GDI, CD2, CD4, CD8, CD28, the 7, S and e 

25 chains of CD3, OX-2, Thy-1, the intercellular or neural cell 

adhesion molecules (I -CAM or N-CAM) , lymphocyte function associated 
antigen-3 (LFA-3) , neurocytoplasmic protein (NCP-3), poly-Ig 
receptor, myelin- associated glycoprotein (MAG), high affinity IgE 
receptor, the major glycoprotein of peripheral myelin (Po), 

30 platelet derived growth factor receptor, colony stimulating factor- 

1 receptor, macrophage Fc receptor, Fc gamma receptors and 
carcinoembryonic antigen. Homologous as defined herein means 
having the sequence of a member of the immunoglobulin gene 
superfamily or having a sequence therewithin which has 

35 substantially the same as (or a greater degree of) amino acid 
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sequence homology to a known member of the superfamily as the 
specific examples given above have to the sequence of an 
immunoglobulin variable or constant domain. Preferred adhesons are 
CD4 t CD8 and high affinity IgE Fc receptor. 

5 

This invention is particularly concerned with amino acid 
sequence variants of adhesons. Amino acid sequence variants of 
adhesons are prepared with various objectives in mind, including 
increasing the affinity of the adheson for its binding partner, 

10 facilitating the stability, purification and preparation of the 

adheson, increasing its plasma half life, improving therapeutic 
efficacy as described above in the background, introducing 
additional functionalities and lessening the severity or occurrence 
of side effects during therapeutic use of the adheson. Amino acid 

15 sequence variants of adhesons fall into one or a combination of the 

following classes: insertional, substitutional or deletional 
variants ♦ 

Insertional amino acid sequence variants are those in which 

20 one or more amino acid residues extraneous to the adheson are 

introduced into a predetermined site in the adheson including the C 
or N termini. Such variants are referred to as fusions of the 
adheson and a different polypeptide. Such other polypeptides 
contain sequences other than those which are normally found in the 

25 adheson at the inserted position. Several groups of fusions are 

contemplated herein. Immunologically active adheson fusions 
comprise an adheson and a polypeptide containing a non-adheson 
epitope. The non-adheson epitope is any immunologically competent 
polypeptide, i.e., any polypeptide which is capable of eliciting an 

30 immune response in the animal to which the fusion is to be 

administered or which is capable of being bound by an antibody 
raised against the non-adheson polypeptide. Typical non-adheson 
epitopes will be those which are borne by allergens, autoimmune 
epitopes, or other potent immunogens or antigens recognized by pre- 

35 existing antibodies in the fusion recipient, including bacterial 
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poLypeptides such as trpLE, beta-galactosidase, viral polypeptides 
such as herpes gD protein, and the like. Immunogenic fusions are 
produced by cross -linking in vitro or by recombinant cell culture 
transformed with DNA encoding an immunogenic polypeptide. It is 
5 preferable that the immunogenic fusion be one in which the 

immunogenic sequence is joined to or inserted into the adheson 
antigen or fragment thereof by a peptide bond(s) . These products 
therefore consist of a linear polypeptide chain containing adheson 
epitopes and at least one epitope foreign to the adheson. It will 

10 be understood that it is within the scope of this invention to 

introduce the epitopes anywhere within the adheson molecule or 
fragment thereof. Such fusions are conveniently made in 
recombinant host cells or by the use of bifunctional cross -linking 
agents. The use of a cross -linking agent to fuse the adheson to 

15 the immunogenic polypeptide is not as desirable as a linear fusion 

because the cross -linked products are not as easily synthesized in 
structurally homogeneous form. 

These immunogenic insertions are particularly useful when 
20 formulated into a pharmacologically acceptable carrier and 

administered to a subject in order to raise antibodies against the 
adheson, which antibodies in turn are useful in diagnostics or in 
purification of adheson by immunoaffinity" techniques known per se. 
Alternatively, in the purification of adhesons, binding partners 
25 for the fused non- adheson polypeptide, e.g. antibodies, receptors 

or ligands , are used to adsorb the fusion from impure admixtures , 
after which the fusion is eluted and, if desired, the adheson is 
recovered from the fusion, e.g. by enzymatic cleavage. 

30 Other fusions, which may or may not also be immunologically 

active, include fusions of the adheson sequence with a signal 
sequence heterologous to the adheson, fusions of transmembrane - 
modified CD4 adhesons, for example, to polypeptides having enhanced 
plasma half life (ordinarily >about 20 hours) such as 

35 immunoglobulin chains or fragments * thereof, and fusions with 
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cytotoxic functionalities. Signal sequence fusions are employed in 
order to more expeditiously direct the secretion of the adheson. 
The heterologous signal replaces the native adheson signal, and 
when the resulting fusion is recognized, i.e. processed and cleaved 
by the host cell, the adheson is secreted. Signals are selected 
based on the intended host cell, and may include bacterial yeast, 
mammalian and viral sequences. The herpes gD glycoprotein signal 
is suitable for use in mammalian expression systems. 

Plasma proteins which have enhanced plasma half-life longer 
than that of transmembrane modified CD4 include serum albumin, 
immunoglobulins, apolipoproteins , and transferrin. Preferably, the 
adheson-plasma protein fusion is not significantly immunogenic in 
the animal in which it is used and the plasma protein does not 
cause undesirable side effects in patients by virtue of its normal 
biological activity. 

In a specific embodiment the adheson immunoglobulin- like 
domain which may be homologous either to the constant or to the 
variable region domains is conjugated with an immunoglobulin 
constant region sequence. The resulting produdts are referred to 
herein as immunoadhesons . Immunoglobulins and certain variants 
thereof are known and many have been prepared in recombinant cell 
culture. For example, see U.S. Patent 4,745,055; EP 256,654; 
25 Faulkner et al., Nature 298:286 (1982); EP 120,694; EP 125,023; 

Morrison, J. Immun. 113:793 (1979); Kdhler et al., P.N.A.S. USA 
22:2197 (1980); Raso et al., Cancer Res. 41:2073 (1981); Morrison 
et al., Ann. Rev. Immunol. 2:239 (1984); Morrison, Science 229:1202 
(1985); Morrison et al., P.N.A.S. USA 81:6851 (1984); EP 255,694; 
30 EP 266,663; and WO 88/03559. Reassorted immunoglobulin chains also 

are known. See for example U.S. patent 4,444,878; WO 88/03565; and 
EP 68,763 and references cited therein. 



10 



15 



35 



Ordinarily, the domains of adhesons that are homologous to 
immunoglobulins and extracellular in their native environment are 
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fused C- terminally to the N- terminus of the constant region of 
immunoglobulins in place of the variable region(s) thereof, 
retaining at least functionally active hinge, CH2 and CH3 domains 
of the constant region of an immunoglobulin heavy chain. This 
ordinarily is accomplished by constructing the appropriate DNA. 
sequence and expressing it in recombinant cell culture. 
Immunoglobulins and other polypeptides having enhanced plasma half 
life are fused to the extracellular or ligand binding domains of 
other adhesons in the same fashion. 



10 



15 



20 



The boundary domains for the CD4 V-like regions (V1-V4) 
are, respectively, about 100-109, about 175-184, about 289-298, and 
about 360-369 (based on the precursor CD4 amino acid sequence in 
which the* initiating met is -25; Fig. la). " CD4 sequences 
containing any of the CD4 V domains are fused to the immunoglobulin 
sequence. It is preferable that the V1V2 or V1V2V3V4 be fused at 
their C- termini to the immunoglobulin constant region. The precise 
site at which the fusion is made is not critical; the boundary 
domains noted herein are for guidance only and other sites 
neighboring or within the V regions may be selected in order to 
optimize the secretion or binding characteristics of the CD4. The 
optimal site will be determined by routine experimentation. In 
general, it has been found that the fusions are expressed 
intracellularly, but a great deal of variation is encountered in 
25 the degree of secretion of the fusions from recombinant hosts. For 

instance, the following table demonstrates the various 
immunoglobulin fusions that have been obtained by the method of 
this invention. In all examples of GD4 immunoadhesons , the CD4 
signal was used to direct secretion from 293 cells. Lower case m 
represents murine origin, while the lower case h designates human 
origin. V and C are abbreviations for immunoglobulin variable and 
constant domains respectively. Tha numerical subscripts indicate 
the number of parenthetical units found in the designated mul timer . 
It will be understood that the chains of tha mul timers are believed 
35 to be disulfide bonded in the same fashion as native 
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10 



15 



20 



25 



immunoglobulins . The CD4 immunoadhesons typically contained either 
the first N- terminal 366 residues of CD4 (CD44) or the first 180 N- 
terminal residues of CD4 (CD42> linked at their C-tenninus to the * 
(light) chain or IgGl heavy chain constant region (7I). 



Trans fee ted Gene 



mV 7l C 7l 

mV^C* + mV 7l C 7 i 

hCD4-mC ft 
hCD4-mC 7 x 
hCI^-mC^ + hCD4- 

hCD4-hC (e 



mC 7 i 



hCD4-hC 



: 7l 



hCD4-hC w + hCD4-hC 7 i 



+ hCD4-hC 7 i 



Table I 

Secreted Product 



30 



mV /c c * and/or (mV K C K )2 
ND 

(mV w C ft ) 2 (mV 7l C 7l )2 + 
mV^C* and/or (mV /c C /c > 2 

hCD4-mC re and/or (hCD4-mC w )2 
ND 

(hCD4-mC iX ) 2 (hCD4-mC 7L ) 2 + 
hCI^-mCjc and/or (hCD4-mC rt )2 

hCD4-hC« and/or (hCD4.hC w ) 2 

(hGD4-hC 7 i) 2 

(hCD4-hC /c )2(hCD4-hC 7l ) 2 + 
hCD4-hC rt and/or (hCD4-hC rt .) 2 

(mV /c C /c ) 2 (hCD4.hC 7l ) 2 + 
mV K C K and/or (mV /c C lc ) 2 



*ND « Not detected 



35 



It is interesting to observe from this table that the CD4-human 
heavy chain immunoadheson was secreted as a dimer whereas the 
analogous murine construction was not detected (this not excluding 
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the intracellular accumulation of the protein, however). The 
ability of the hCD4-hC 7 l transformants to produce heavy chain dimer 
was unexpected since previous work had suggested that 
immunoglobulin heavy chains are not secreted unless the hosts are 
cotransformed with nucleic acid encoding both heavy and light chain 
(Valle et ml., HsfiSiES 241:338 [1981]). According to this 
invention, CD4-IgG immunoadheson chimeras are readily secreted 
wherein the CD4 epitope is present in heavy chain dimers, light 
chain monomers or dimers, and heavy and light chain heterotetramers 
wherein the CD4 epitope is present fused to one or more light or 
heavy chains , including heterotetramers wherein up to and including 
all four variable region analogues are derived from CD4. Where 
light-heavy chain non-CD4 variable domain is present, a 
he tero functional antibody thus is provided. 



Various exemplary hetero-and chimeric immunoadheson 
antibodies produced in accordance with this invention are 
schematically diagrammed below. "A" means at least a portion of 
the extracellular domain of an adheson containing its ligand 
20 binding site; V L , V H , C L and C H represent light or heavy chain 

variable or constant domains of an immunoglobulin; n is an integer; 
and Y designates a covalent cross-linking moiety. 
<a) AC L ; 
(b) AC L -AC L ; 

25 (c) AC H - [AC H , AC L -AC H , AC L -V H C H , V L C L -AC H , or V l C l -VhC h J ; 

(d) AC L -AC H -[AC H , AC L -AC H , AC L -V H C H , V L C L -AC H , or V L C L -V H C H ] ; 

(e) AC L-V H C H -[AC H , AC L -AC H , AC L -V H C H> V L C L -AC H , or V L C L -V H C H ]; 
<f) V L C L -AC H -[AC H , AC L -AC H , AC L -V H C H , V L C L -AC H , or V L C L -V H C H ] ; 

or 

30 (g) tA-Y] n -[V L C L -V H CH] 2 . 

. The structures shown in this table show only key features, 
e. g. they do not show joining (J) or other domains of the 
immunoglobulins, nor are disulfide bonds shown. These are omitted 
35 in the interests of. brevity. However, where such domains are 
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required for binding activity they shall be construed as being 
present in the ordinary locations which they occupy in the adheson, 
immunoadheson or immunoglobulin molecules as the case may be. 
These examples are representative of divalent antibodies; more 
complex structures would result by employing immunoglobulin heavy 
chain sequences from other classes, e.g. IgM. The immunoglobulin 
V L V H antibody combining site also designated as the companion 
immunoglobulin, preferably is capable of binding to a predetermined 
antigen. 

Suitable companion immunoglobulin combining sites and 
fusion partners are obtained from IgG-1, -2, -3, or -4 subtypes, 
IgA, IgE, IgD or Igtt, but preferably IgG-1. 

15 A preferred embodiment is a fusion of an N- terminal portion 

of CD4, which contains the binding site for the gpl20 envelope 
protein of HIV, to the C-terminal F c portion of an antibody, 
containing the effector functions of immunoglobulin G^. There are 
two preferred embodiments of this sort; in one, the entire heavy 
chain constant region is fused to a portion of CD4; in another, a 
sequence beginning in the hinge region just upstream of the papain 
cleavage site which defines IgG F c chemically (residue 216, taking 
the first residue of heavy chain constant region to be 114 [Kobat 
et al., "Sequences of Proteins of Immunological Interest" 4th Ed. , 
1987], or analogous sites of other immunoglobulins) is fused to a 
portion of CD4. These embodiments are described in the examples. 



20 



25 



30 



Hore particularly, those variants in which one or more 
immunoglobulin- like domains of an adheson are substituted for the 
variable region of an immunoglobulin chain are believed to exhibit 
improved In vivo plasma half life. These chimeras are constructed 
in a fashion similar to chimeric antibodies in which a variable 
domain from an antibody of one species is substituted for the 
variable domain of another species. See, for example, EP 0 125 
35 023; Munro, Nature 322,; (13 December 1984); Neuberger et al., 
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Nature 312.: (13 December 1984); Sharon et al.. Nature 209: (24 May 
1984); Morrison et al., Proc. Natl. Acad. Sci. USA 11:6851-6855 
(1984); Morrison et al. Science 221: 1202-1207 (1985); and Boulianne 
et al., Nature 312:643-646 (13 December 1984). The DNA encoding 
5 the adheson immunoglobulin- like domain(s) is cleaved by a 

restriction enzyme at or proximal to the 3' end of the DNA encoding 
the immunoglobulin-like domain(s) and at a point at or near the DNA 
encoding the N- terminal end of the mature adheson polypeptide 
(where use of a different leader is contemplated) or at or proximal 
10 to the N- terminal coding region for the adheson (where the native 

adheson signal is employed). This DNA fragment then is readily 
inserted into DNA encoding an immunoglobulin light or heavy chain 
constant region and, if necessary, tailored by deletional 
mutagenesis. Preferably, this is a human immunoglobulin when the 
15 variant is intended for in vivo therapy for humans. DNA encoding 

immunoglobulin light or heavy chain constant regions is known or 
readily available from cDNA libraries or is synthesized. See for 
example, Adams et al., Biochemistry i£: 2711-2719 (1980); Gough et 
al., Biochemistry 1£:2702-2710 (1980); Dolby et al. , P.N.A.S. USA, 
22:6027-6031 (1980); Rice etal., P.N.A.S . USA 29:7862-7865 (1982); 
Falkner et al., Nature 221:286-288 (1982); and Morrison et al., 
Ann. Rev. Immunol. 2:239-256 (1984). 
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DNA encoding the immunoglobulin or immunoadheson chimeric 
chain(s) is transfected into a host cell for expression. If the 
host cell is producing an immunoglobulin prior to transfection then 
one need only transfect with the adheson fused to light or to heavy 
chain to produce a heteroantibody. The aforementioned 
immunoglobulins having one or more arms bearing the adheson domain 
and one or more arms bearing companion variable regions result in 
dual specificity for adheson ligand and for an antigen. These are 
produced by the above-described recombinant methods or by in vitro 
procedures. In the latter case, for example, F(ab') 2 fragments of 
the adheson fusion and an immunoglobulin are prepared, the F(ab')2 
fragments converted to Fab' fragments by reduction under mild 
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reducing conditions, and then reoxidized in each other's presence 
under acidic conditions in accord with methods known per se. See 
also U.S. patent 4,444,878. 

5 Additionally, procedures are known for producing intact 

heteroantibodies from immunoglobulins having different 
specificities. These procedures are adopted for the in vitro 
production of heterochimeric antibodies by simply substituting the 
immunoadheson chains for one of the previously employed 
10 immunoglobulins. 

In an alternative method for producing a heterofunctional 
antibody, host cells producing an adheson- immunoglobulin fusion, 
e.g. transfected myelomas, also are fused with B cells or 
hybridomas which secrete antibody having the desired companion 
specificity for an antigen. Heterobifunctional antibody is . 
recovered from the culture medium of such hybridomas, and thus may 
be produced somewhat more conveniently than by conventional in 
vitro resorting methods (EP 68,763). 
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Another group of fusions are those in which an adheson is 
conjugated with a toxic substance, e.g. a polypeptide such as ricin 
(including deglycosylated ricin A chain), diptheritf toxin A, or a 
non-peptidyl cytotoxin. Where the toxin is a polypeptide it is 
convenient to cross-link the polypeptide to the adheson or its 
transmembrane-deleted variant by conventional in vitro protein 
cross- linking agents (for suitable methods for linking ricin A 
chain or deglycosylated A chain to CD4 see, for example, Duncan et 
al., "Analy. Biochem." 132:68-73 [1983]; Thorpe et ml., "Cancer 
30 Res." 41:5924 [1987]; and Ghotie et al., -Cancer Res." 41:2610 

[1988]) or by recombinant synthesis as a fusion (see for example, 
U.S. Patent 4,765,382). Alternatively, where companion antibodies 
are anti- ricin antibody immunoglobulin variable domains, such 
immunoglobulin heteroantibodies are employed to deliver ricin to 
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HIV Infected cells following the general procedure of Raso et al., 
Cancer Research, 41:2073 (1981). 

Another class of adheson variants are deletional variants. 
5 Deletions are characterized by the removal of one or more amino 

acid residues from a adheson sequence. Typically, the 
transmembrane and cytoplasmic domains of adhesons ar deleted. In 
the case of CD4, at least residues 368 to 395 (the transmembrane 
region), and ordinarily 396-433 as well (the cytoplasmic domain), 
10 will be deleted to obtain secreted forms of this adheson! 

Parenthetically, the amino acid residues follow the numbers given 
for mature CD4 as noted, for example, in figures la - lc. Thus. 
CD4T molecules generally will terminate in the vicinity of about 
residues 366-368, or at any other suitable site N-terminal thereto 
which preserves the gpl20-binding capability of the CD4 variant. 

Substitutional variants are those in which at least one 
residue in the adheson sequence has been removed and a different 
residue inserted in its place. The native N-terminal residue for 
mature CD4 is now known to be lysine. Thus, the sequence shown in 
Fig. 1, with an N-terminal asparagine, is an amino acid sequence 
variant of native mature CD4. Table 2 below describes 
substitutions which in general will result in fine modulation of 
the characteristics of the CD antigen. 
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TABLE 2 

Ordinal fresidnft Exemplary in . 



Ala 


ser 




Arg 


lys 




Asn 


gin; his 




Asp 


glu 




Cys 


ser; ala 




Gin 


asn 




Glu 


asp 




Gly 


Dro 




His 


asn; gin 




He 


leu ; val 




Leu 


ile; val 




Lys 


arg; gin; 


glu 


Met 


leu; ile 




Phe 


met; leu; 


tyr 


Ser 


thr 




Thr 


ser 




Trp 


tyr 




Tyr 


trp; phe 




Val 


ile; leu 





Substantial changes in function or immunological identity 
are made by selecting substitutions that are less conservative than 
those in Table 2, i.e., selecting residues that differ more 
significantly in. their effect on maintaining (a) the structure of 
the polypeptide backbone in the area of the substitution, for 
example as a sheet or helical conformation, (b) the charge or 
hydrophobics of the molecule at the target site or (c) the bulk 
of the side chain. The substitutions which in general are expected 
to produce the greatest changes in adheson properties will be those 
in which (a) a hydrophilic residue, e.g. ser yl or threonyl, is 
substituted for (or by) a hydrophobic residue, e.g. leucyl 
isoleucyl, phenylalanyl , valyl or alanyl; (b) a cysteinyl or prolyl 
■S is substituted for (or by) any other residue; M a residue having 
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an electropositive side chain, e.g.. l ysyl , arglnyl> or histidyl 
is substituted for (or by) an electronegative residue, e g ' 
glutamyl or aspartyl; or <d) a residue having a bulky side chain' 
e.g., phenylalanyl, is substituted for (or by) one not having a 
side chain, e.g., glycyl. 

A preferred class of substitutional or deletional variants 
are those involving the transmembrane region of the adheson The 
transmembrane region of the adheson is a highly hydrophobic or 
lipophilic domain that is the proper size to span the lipid bilayer 
of the cellular membrane. It is believed to anchor the adheson in 
the cell membrane. 

Deletion- or substitution of the transmembrane domain will 
facilitate recovery and provide a soluble form of the adheson by 
reducing its cellular or membrane lipid affinity and improving its 
vater solubility. If the transmembrane and cytoplasmic domains are 
deleted one avoids the introduction of potentially immunogenic 
epitopes, either by exposure of otherwise intracellular 
polypeptides that might be recognized by the body as foreign or by 
xnsertion of heterologous polypeptides that are potentially 
™nogenic. A principal advantage of the transmembrane deleted 
adheson is that it is secreted into the culture medium of 
recombinant hosts. This variant is water soluble and does not have 
an appreciable affinity for cell membrane lipids, thus considerably 
simplifying its recovery from recombinant cell culture. 

It will be amply apparent from the foregoing discussion 
that substitutions, deletions, insertions or ' any combination 
thereof are introduced to arrive at a final construct. As a 
general proposition, all variants will not have a functional 
transmembrane domain and preferably will not have a functional 
cytoplasmic sequence. This is generally accomplished by deletion 
of the relevant domain, although adequate insertional or 
substitutional mutagens also can be effective for this purpose 
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For example, the transmembrane domain is substituted by any amino 
acid sequence, e.g. a random or homopolynucleic sequence of about 5 
to 50 serine, threonine, lysine, arginine, glutamine, aspartic acid 
and like hydrophilic residues, which altogether exhibit a 
hydrophilic hydropathy profile, so that it is secreted into the 
culture medium of recombinant hosts. This variant should also be 
considered to be an adheson variant. 
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These variants ordinarily are prepared by site specific 
mutagenesis of nucleotides in the DNA encoding the adheson, thereby 
producing DNA encoding the variant, and thereafter expressing the 
DNA in recombinant cell culture. However, variant adhesons also 
are prepared by in vitro synthesis. Obviously, variations made in 
the DNA encoding the variant adhesons must not place the sequence 
out of reading frame and preferably will not create complementary 
regions that could produce secondary mRNA structure deleterious to 
expression (EP 75.444A). The CD4 variants typically exhibit the 
same gpl20 binding activity as does the naturally- occurring 
prototype, although variants also are selected in order to modify 
the characteristics of the CD4 adheson as indicated above. 

While the site for introducing an amino acid sequence 
variation is predetermined, the mutation per se need not be 
predetermined. For example, in order to optimize the performance 
of a mutation at a given site, random mutagenesis may be conducted 
at the target eodon. or region and the expressed adheson variants 
screened for the optimal combination of desired activities. 
Techniques for making substitution mutations at predetermined sites 
in DNA having a known sequence are well known, for example M13 
primer mutagenesis. 

Adheson variants that are not capable of binding HIV gpl20 
are useful nonetheless as immunogens for raising antibodies to the 
adheson or as immunoassay kit components (labelled, as a 
competitive reagent for gpl20 assay, or unlabelled as a standard 
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for an adheson assay) so long as at least one adheson epitope 
remains active. 

The DNA. encoding adhesons is obtained by known procedures. 
5 See Williams, Immunol. Today 8:298-303 (1987) and citations 

therein. In general, prokaryotes are used for cloning of CD4 
variant DNA sequences. For example, E. coll strain SR101 (for 
propagating ml3 phage, a A-resistant strain of JM 101; Messing ec 
al., Nucl. Acids. Res. £(2):309-321 [1981]); and *. coll K12 strain 
10 294 (ATCC No. 31446) are particularly useful. Other microbial 

strains which may be used include E. coll B, UM101 and E coll 
XU76 (ATCC No. 31537). These examples are illustrative rather 
than limiting. 

15 DNA enCOdin 5 tha variant adhesons are inserted for 

expression into vectors containing promoters and control sequences . 
which are derived from species compatible with the intended host 
cell. The vector ordinarily, but need not, carry a replication 
site as well as one or more marker sequences which are capable of 
providing phenotypic selection in transformed cells. For example. 
E. coll is typically transformed using a derivative of pBR322 which 
is a plasmid derived from an E. coll species (Bolivar, et al. , Gene 
1- « [1977]). pBR322 contains genes for ampicillin and 
tetracycline resistance and thus provides easy means for 
identifying transformed cells. The pBR322 plasmid, or other 
microbial plasmid must also contain or be modified to contain 
promoters and other control elements commonly used in recombinant 
DNA constructions. 



35 



Promoters suitable for use with prokaryotic hosts 
illustratively Include the ^-lactamase and lactose promoter systems 
(Chang et al., Nature. 225: 615 [1978]; and Goeddel et al., Nature 
m: 544 [1979 »' airline phosphatase, tho tryptophan (trp) 
promoter system (Goeddel, Nucleic Acids Res. £: 4057 [1980] and EPO 
Appln. Publ. No. 36,776) and hybrid promoters such as the tac 
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promoter (H. de Boer et al., Proc. Natl. Acad. Sci. USA 80: 21-25 
[1983]). However, other functional bacterial promoters are 
suitable. Their nucleotide sequences are generally known, thereby 
enabling a skilled worker operably to ligate them to DNA encoding 
the adheson variant using linkers or adaptors to supply any 
required restriction sites (Siebenlist et al. , Cell 23.: 269 
[1980]). Promoters for use in bacterial systems also will contain 
a Shine -Dalgarno (S.D.) sequence operably linked to the DNA 
encoding the antigen. 



In addition to prokaryotes, eukaryotic microbes such as 
yeast cultures also are useful as cloning or expression hosts. 
SqccharomYCftq cerevjsiae, or common baker's yeast is the most 
commonly used eukaryotic microorganism, although a number of other 
15 strains are commonly available. For expression in Saccharomyces , 

the plasmid YRp7, for example, (Stinchcomb, et al. , Nature 231: 39 
[1979]; Kingsman et al, Gene 2: 141 [1979]; Tschemper et al., Gene 
ifi: 157 [1980]) is commonly used. This plasmid already contains 
the trpl gene which provides a selection marker for a mutant strain 
of yeast lacking the ability to grow in tryptophan, for example 
ATCC no. 44076 or PEP4-1 (Jones, Genetics 85: 12 [1977]). The 
presence of the trpl lesion as a characteristic of the yeast host 
cell genome then provides an effective means of selection by growth 
in the absence of tryptophan. 



35 



Suitable promoting sequences for use with yeast hosts 
include the promoters for 3-phosphoglycerate kinase (Hitzeman et 
al., J. Biol. Chem. 231: 2073 [1980]) or other glycolytic enzymes 
(Hess et al., J. Adv. Enzyme Reg. 2: 149 [1968]; and Holland, 
Biochemistry 12: 4900 [1978]), such as enolase, glyceraldehyde-3- 
phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, 
phosphofructokinase, glucose- 6-phosphate isomerase, 3- 
phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. 
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Other yeast promoters, which are Inducible promoters having 
the additional advantage of transcription controlled by growth 
conditions, are the promoter regions for alcohol dehydrogenase 2 
isocytochrome C, acid phosphatase, degradative enzymes associated 
with nitrogen metabolism, metallothionein, glyceraldehyde-3- 
phosphate dehydrogenase, and enzymes responsible for maltose and 
galactose utilization. Suitable vectors and promoters for use in 
yeast expression are further described in R. Hitzeman et al 
European Patent Publication No. 73.657A. Yeast enhancers also are 
advantageously used with yeast promoters. 



Promoters for controlling transcription from vectors in 
mammalian host cells may be obtained from various sources, for 
• example, the genomes of viruses such as: polyoma, Simian Virus 40 
15 (SV40), adenovirus, retroviruses, hepatitis-B virus and most 

preferably cytomegalovirus, or from heterologous mammalian 
promoters, e.g. the beta actin promoter. The early and late 
promoters of the SV40 virus are conveniently obtained as an SV40 
restriction fragment which also contains the SV40 viral origin of 
replication. Fiers et al. , Nature, 221: 113 (1978) . The immediate 
early promoter of the human cytomegalovirus is conveniently 
obtained as a HindHI E restriction fragment. Greenaway, P.J. et 
Gene M : 355-360 (1982). Of course, promoters from the host 
cell or related species also are useful herein. 

DNA transcription in higher eukaryotes is increased by 
inserting an enhancer sequence into the vector. Enhancers are cis- 
acting elements of DNA, usually from about 10 to 300b P , that act to 
increase the transcription initiation capability of a promoter. 
Enhancers are relatively orientation and position independent 
having been found 5' (Laimins, L. at al., Proc. Natl. Acad. Sci 78- 
993 U981]) and 3' (Lusky, M.L. , et al., Mol. Cell Bio. 3_: 1108 
[1983]) to the transcription unit, within an intron (Banerji, J.L. 
et al., Cell & 729 [1983]) as well as within the coding sequence 
itself (Osborne, T.F., et al., Mol. Cell Bio. 4: 1293 [1984]). 
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Many enhancer sequences are now known from mammalian genes (globin. 
elastase, albumin, a- fetoprotein and insulin). Typically, however," 
one will use an enhancer from a eukaryotic cell virus. Examples 
include the SV40 enhancer on the late side of the replication 
origin (bp 100-270), the cytomegalovirus early promoter enhancer, 
the polyoma enhancer on the late side of the replication origin! 
and adenovirus enhancers. 

Expression vectors used in eukaryotic host cells (yeast, 
fungi, insect, plant, animal, human or nucleated cells) may also 
contain sequences necessary for the termination of transcription 
which may affect mRNA expression. These regions are transcribed as 
polyadenylated segments in the untranslated portion of the mRNA 
encoding the adheson. 

Expression vector systems generally will contain a 
selection gene, also termed a selectable marker. Examples of 
suitable selectable markers for mammalian cells are dihydrofolate 
reductase (DHFR) , thymidine kinase or neomycin. When such 
selectable markers are successfully transferred into a mammalian 
host cell, the transformed mammalian host cell can survive if 
placed under selective pressure. There are two widely used 
distinct categories of selective regimes. The first category is 
based on a cell's metabolism and the use of a mutant cell line 
which lacks the ability to grow independent of a supplemented 
medium. Two examples are: CHO DHFR' cells and mouse LTK" cells. 
These cells lack the ability to grow without the addition of such 
nutrients as thymidine or hypoxanthine . Because these cells lack 
certain genes necessary for a complete nucleotide synthesis 
pathway, they cannot survive unless the missing nucleotides are 
provided" in a supplemented medium. An alternative to supplementing 
the medium is to introduce an intact DHFR or TK gene into cells 
lacking the respective genes, thus altering their growth 
requirements. Individual cells which were not transformed with the 
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DHFR or TK gene will not be capable of survival in non supplemented 
media. 



The second category is dominant selection which refers to a 
selection scheme used in any cell type and does not require the use 
of a mutant cell line. These schemes typically use a drug to 
arrest growth of a host cell. Those cells which have a novel gene 
would express a protein conveying drug resistance and would survive 
the selection. Examples of such dominant selection use the drugs 
neomycin, Southern P. and Berg, P., J. Molec. Appl. Genet. I: 327 
(1982), mycophenolic acid, Mulligan, R.C. and Berg, P. Science 20£: 
1422 (1980) or hygromycin, Sugden, B. et al. , Mol. Cell. Biol 5- 
410-413 (1985) . The three examples given above employ bacterill 
genes under eukaryotic control to convey resistance to the 
appropriate drug G418 or neomycin (geneticin), xgpt (mycophenolic 
acid) or hygromycin, respectively. 

"Amplification" refers to the increase or replication of 
an isolated region within a cell's chromosomal DNA. Amplification 
is achieved using a selection agent e.g. methotrexate (MIX) which 
inactivates DHFR. Amplification or the making of successive copies 
of the DHFR gene results in greater amounts of DHFR being produced 
in the face of greater amounts of MTX. Amplification pressure is 
applied notwithstanding the presence of endogenous DHFR, by adding 
ever greater amounts of MTX to the media. Amplification of a 
desired gene can be achieved by cotransfecting a mammalian host 
cell with a plasmid having a DNA encoding a desired protein and the 
DHFR or amplification gene permitting co integration. One ensures 
that the cell requires more DHFR, which requirement is met by 
replication of the selection gene, by selecting only. for cells that 
can grow in the presence of ever-greater MTX concentration. So 
long as the gene encoding a desired heterologous protein has 
cointegrated with the selection gene replication of this gene gives 
rise to replication of the gene encoding the desired protein. The 
result is that increased copies of the gene, i.e. an amplified 
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gene, _ s the dMlwd heterolog<JU5 

desired heterologous protein. 

of thi T fer T hOSt C6llS 6XPreSSing ^ CD variants 
of this Mention are kalian cell Unes , examples ^ 

kWney 071 formed by SV40 (COS-7, ATCC CRL 1651)-' 

human embryonic kidney line (293, Graham, F. L et al j p 
Viro,. M: 59 [1977J and 293S cens [293 subciones seiec - £ 

better suspension growth,); baby hamster kidney cells (BHK ATCC 
CCL 10); Chinese hamster ovary- cells - DHFR (CH0, Urlaub and Chasin 
Proc.Natl.Acad.Sci. (USA) 22: 4216 figaon- 

fruA u hi. ' ll98 °J): n °use Sertoli cells 

I«4, «a*er. J.P.. BIol . Rsprod fi! 243 25l 

cu. <cn AICC ccl 70); lfrlc . n ^ 

ATCC CCL 2), canl„. c . lls (MDC1[ ^ ^ 

CCL 75), h—, llvr coll. <H.p. 0 2. HB 8065); „.„,„ tmot 
C-r o 6 o 5M , AIO c CCL51 c.u, ): ^ m c . lls (MKher> , „ 

Annals S.Y. Acad. Sci. UJ: 44-68 [1982]). 

"Tran,fo,»,tlo„" introducing DNA Into an org.nl a „ s „ 

that the D»A U repllcabl., cither a. an elt tr.chrc™,o..l el M en 

*. hoet c.11. U th. ..thod of Crah„. ,. _ _ ,„ „, A 

In" 7l * 456 " 4 " <1573) - "•««■ 
Introducing m mt„ c.11, such „ by 

protopLaat fu.l.„ My . lso b . „,.„. If „ lu „ J 

»hlch mtMm ^ ul cell valls „. ^ „ hose 

° £ "" Uf «"- *• "..font u,l„ e cuiu. 

eWorld, a. d..crlb.d by Cohen, P.H. ot a., Proc. N.tl. Acad Sc l 
(USA) , 52: 2110 (1972). 



Contraction of eultabl. „.ctor, confining th. d.,lr.d 
coding and „„„„! MquencM ^ ac . ndtrd ^ tlve 

ligation fchniou... I s .l. te d pl^d, „ r DK4 f 
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cleaved, tailored, and religated in the form desired to form the 
plasmids required. Suitable procedures are well known for the 
construction described herein. See, for example, (Maniatis, T. et 
Mo J,ecula K Clpn l. ng , 133-134 Cold Spring Harbor, [1982]- 
5 "Current Protocols in Molecular Biology", edited by Ausubll et al. ' 

[1987], pub. by Greene Publishing Associates & Wiley- Interscience) ! 

Correct plasmid sequences are confirmed by transforming E 
coll K12 strain 294 (ATCC 31446) with ligation mixtures, successful 

10 transformants selected by aopicillin or tetracycline resistance 

where appropriate, plasmids from the transformants prepared, and 
then analyzed by restriction enzyme digestion and/or sequenced by 
the method of Messing et al., Nucleic Acids Res. £: 309 (1981) or 
by the method of Maxam et al. , Methods in Enzymology 65- 499 

15 (1980). 

Host cells are transformed with the expression vectors of 
this invention. Thereafter they are cultured in appropriate 
culture media, e.g. containing substances for inducing promoters 
selecting transformants or amplifying genes. The culture 
conditions, such as temperature, pH and the like, are those 
previously used with the host cell selected for expression, and 
will be apparent to the ordinarily skilled artisan. 

The secreted adheson variants are recovered and purified 
from the culture supematants or lysates of recombinant hosts. 
Typically, the supematants are concentrated by ultrafiltration 
contacted with a ligand affinity or immunoaffinity matrix so as to 
adsorb the adheson variant, and eluted from the matrix. 
Optionally, the adheson is purified by ion exchange chromatography. 

. Surprisingly, purification of soluble CD4 adheson from 
culture medium was unexpectedly difficult. Notwithstanding that 
the hydrophobic transmembrane region of the antigen had been 
deleted, the antigen exhibited a strong tendency to form aggregates 
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10 



that could be readily reeved from suspension by centrifugation at 
1000 x g. and which avidly coat surfaces such as ultrafiltration 
membranes. This appears t0 resuU ^ ^ 

concentration of alburn or other serum protein (ordinarily present 
in the crude preparation) to a particular level, below which the 
truncated antigen no longer remains soluble. ^ phenomenon 
appears to be aggravated by exposure of the CD4 adheson to low P H 
« about P H 4). As a result, separation procedures (particularly 
those that employ acid elution, such as im.unoaffinity) should be 
modified so that the eluate is maintained at, or immediately 
returned to, about neutrality. Further, a surfactant, e g a 
detergent such as Tween B0, should be included with the antigen 
during the separation procedure. The final purified product will 
be stabilized with a predetermined protein such as albumin, and/or 
15 a detergent. ' 

The purified adheson is formulated into conventional' 
pharmacologically acceptable excipients. 

20 it is administered to patients having HIV infection at a 

dosage capable of maintaining a concentration of greater than about 
100 ng of soluble CD4 adheson/ml plasma. For CD4 adheson variants 
having different molecular weights, about 2 picomoles of soluble 
receptor per ml of plasma will be initially evaluated clinically in 
order to establish a stoichiometric equivalence with native 
(membrane bound) and soluble receptor. The ordinary dosage of 
soluble CD4 is 100 M g/kg of patient weight/day 



30 



The therapeutic CD4 variants are employed with other 
therapies and agents for the treatment of AIDS, including AZT 
neutralizing antibodies and immunocytotoxins , gp 120 fragments and 
vaccines. 
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In order to facilitate understanding of the following 
exiles certain fluently occurring aethods and/or ter»s .ill be 
descrxbed. 

foil. Z 1 "^" iMLg ™ t ° <1 ^ * ^ =*" * »~— »d/or 
herein are either e..,.^^ OTlUbUi 

unrestricted „ _ be oon3trucMd fton mu -° 

» .cord with pubUsh . d ^ ^ ^ 

plasaids to those „„„„„„ „ ^ ^ ^ md ~- 
apparent to the ordinarily .killed artisan. 

-Digestion- of MA refer, to catalytic ^ of ^ ^ 
"1th a reetrletlon chM , etJ t ' DBA 

15 the DHA ti,. . 7 certain sequences In 

DBA. the v,r lott , restriction enzy.es used herein are 
co~.rcx.Uy a^bl. and' their „„ tlon _ « 

ami fT"" "«* — " »uld be kncn to the ordinarily 
skilled artisan. For .n.lytic.1 purpose,, typicaliy , J 
plas»ld or DHA fr.ga.nt 1, used »lth ahout 2 unit, of . 
-ut 2 0 ,1 of huffer solution. P or the purposTo" I^J 
d f " gm -" C °* «™ion. typify 5 to 50 eg of £ ^ 

oigeated .it. 2 0 t, 250 unit, of enzy.. m . u ^ r J^T 

l«TtT bu£f,rs - i substri " £ « >~ 

^strlcclon enryne. .re specified hy the menufacturer. Xncuhatlon 
«... of about 1 hour at 37'C are ordinarily used, but nay ta 

faction ls eUccropnoresed directly on a pdy.cryl.ald. gel to 
leolat. the desired fragrant . ! 

restri J'Z"^' " ' I,OUtl ° n " * * ^ » f ™* • 

restriction digest „eans separation of the digest o, poly.cryla.ld. 

of T"' T ' • 1 * ettaPtor " 1 '' of the Ignent 

of merest by comparison of It, ability versus that of narker^DHA 
fragment, of ta.™ molecular .eight, removal of the gel ,. e tl.„ 
staining tn. desired fragment, and separation of ti ge, JZ 
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DHA This procdur. Is ^ ganerally (Uw _ R ^ ^ ^ 
Acids Res. 1: 6103 . 6ll4 (l98l) , and Goedd>li ee 
Acids Res. 1: 4057 [1980]). 

5 5- oh "y° ,rh °*> UCi ™" <° *• removal of th. terMns! 

(BAP). This procedure praveMa rMtrlctl(ra cleaved endj 

DHA fragment f r.„ -circularly. „ ...^ a 

io r t* r ,rtion o£ anoth,r mA « - 

» J™ " "* re * 8e - tS f " and other 

•r. c.rrl.d out ta _ 50- iris st 68-C t, suppress the activity „ f 

Zc t T:r le "" " hl ° h ^ ^ ™ ta *• P"P«.tL. 
Reason, were „ f<lr . hour . „, ^ 

15 fragment Is gel purified. 

tart. h.r 8ati ° n " " f "* " ** Pr ° CeSS ° £ £0ml "« P-o=Phodisst. r ' 

" U6) - °*«»'« Provided. ll gatlon Mv be 

acco^Ushed using ^ buffers ^ ^ ^ 

DNA li g ss. per „ 5 ^ o£ apprralMt>ly 

of the DNA fragments to be ligated. 
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FiUf,- « -blunting- refer, to th. procedures by which 
th. slngl. .„.„„,„ ^ ln ch . cohealve Mcmimis rf ^ rascticti<jn 

.nzv^-cU.v.d nucleic acld ls convart . d t „ , ^ ^ 

elllnac th. cohesive t.r»l„us and for., . blunt end 



- end. This 

process is a versatile tool for converting a restriction cut end 
that may be cohesive with the ends created by only one or a few 
other restriction enzymes into a terminus compatible with any 
blunt-cutting restriction endonuclease or other filled cohesive 
terminus. Typically, blunting is accomplished by incubating 2- 
15pg of the target DNA in lOmM MgCl 2 , 1* dithiothreitol, 50mM 
Nad. l 0fflM Tris (pH 7>5) buffer ^ ^ ^ ^ ^ ^ ^ g 

units of the Klenow fragment of DNA polymerase I and 250 * of each 
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of the four deoxynucleoside tripho sphates _ ± 
generaXly is terminated after 30 min , 
extracts an. ethanol precip^ ^ - 

5 The following exiles merely iUustrahl rt v 

contemplated for practicing the « lUUStrate the best mode no* 
construed to 1^ the nti ° n ' ^ Sh ° Uld - 
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The pXasmid used for recombinant avni-h * ^ 

pSWDUHn. The pXaamld was con^l ° f ^ CD4 Was 

H waa constructed as follows: 

ACD4P1 containing most of the eo rff„ 

pOC18 w„ digested rtth _ 
r.«~.r.d ky pol^^ "f *■ tap. 

Pl«ed on ^, lcIlu „ ^ »- cuzture _ 

"«-u ra» «. * nd r " lst * n '= «i.ct.d. 

m. i. c . f . rted „ j p0C ^ ° £ *• cocm « »"* 

confining the phx-a^r t „. /°" r ,fflIPs - ftl«w: 3 

- DHra "LTtr 7 pro,Iot,r • hiv »■ 

" fl .l.ctrophor.,1,, 
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294. The transf „ raed culcure uas plMe<l on un " 

- r. slsc „ t eolonlas Mta>t-< ™ 

a ii „ F 1S re "rred to as pSVeABKDHFR and 

r.».« c ^ trMscrlw ^ iM oontrol> m ° « 

into an appropriate cell Una. anstection 

Synthetic oligonucleotides (adaptors 1-8, be l ow ) were nade 
to extend from 76 fan 5» n f «*„ < , ade 

r m /e> bp 5 of the initiation codon of CD4 translation 
to the Saal restriction site at 121 bp 3' of «, . , J** 1 * 1 " 1011 
f-x- - p of the initiator, with 

- -hi* co„U llg . ta to „ ^ „ strlction ta J ti m ^ 

«ti» „,„.„„ recovered by sel . lecttol , hoMiil> (fragnent 4) .« 

f* "»■>*« 1= ""^CAGAGCCCIGCCAmciGTGGGCICAOCTCCCI 

~ J' PA ^™ TOCCCT °~^C» A T O MCC0C TO1 OTC 

5 ^ ^^^^ATCCCCTimiOCCCAGCACCACmottTcc 

« «*pt„r 8: OOICAO^AGCCACCTOA^O^CAO^CAGOCCTCIOOOOTO 

fr.^ 1 " 100 " 4 /" " 8 "" d •** 8511 — ^ - 401 bp 
tee co„»^„ g part of th . CD4 codlng m > 

gel electrophoresis (fragwnt 5) bDCIS ... ... . , 

«. 11 str * ln 2 , 4 . ^ transfonne(i cultuM ^ 
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ampicillin media plates and resists , , 

onalyals for the pr . ea „ ce of "Miction 
- «—«- synthetfc DNA vaa II, lr nt '- " ,UeOCe ° £ 

transform iM „ Mji ^ ^ * « ~. After 

prepared «„„ seqil „ c , d . . ; - si "si«-««™e.d DHA 

4 c . 0ne P-t-asmid which - , 

••quae. »a, selected, ««, t , ' d , 0nCalne,i the 

«™ is referred to as pCMlnt. 

pCD4i„t w digested with Ee<)RI >nd 

1W »P frag-nt entail the e "* ^ m4 *» 

® rae remaxnder of the m ~ 
(fra^nt ., t .co w .d ^ ^ .^^^ ^ ~ ««»• «^t« 

«U atraln 294. !„. J*. U8 " l< " 1 ■" 5ttUr * "™ f °™«« «— *. 

ine transformed culture tfa q „i a - ^ 
PLtes a»d the resistant „ ^ n 

the presence of the correct *v restriction analysis for 

- M »rirr n di ™* " is - 

intact CD4. s J™<*Mls of 

recombinant 



Sectf»» ? 



A plasmid was constructed to direct t*. 
derivative lackin* th« „ * , synthesis of a CD4 

»lth the Intention of cre.t,„. S was done 

..suction that the,. do" ' "" et '" 1 *™ ° £ CD4 ' •» *. 

"XI ■e.hr.n.. Z 2 2 1 " - ^ Sl ~ I " - - 
nation of th. protct r^T"' ~** *" 

psvec^^and.a.oo^^tela. 5 ::!. 18 * " 
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15 



30 



PUCCD4 was digested with ^1 and J^I and the 531 
fragment (fragment 10) recovered. P UCCD4 was digested with Nlalll 
and and the 112 bp f ragm ent (fragment 11) recovered. P ^D4 

(fragment 12) recovered. pC D4int was digested with ^ and BamHI 

and fragment 13 comprising the bulk of the plaamid 

Fragment 10 , U , and u _ ^ ^ ^ ^ 

the ligatxon mixture transformed into E. coll strain 294 The 
10 transformed culture was plated on ampicilli* media pl ates ^ 

resistant colonies selected. Plasmid DNA was prepared from 
transforms and checked by restriction analysis for the presence 
of the correct f ragme nt. Plasmid DNA from several transformers 

deleted and that the proper reading frame was restored. ». 
resulting plasmid is referred to as pCD4Mla. 

P CD4ANla was digested with I^RI and ^ and the 1541 
fragment containing the sequence of a CD4 derivative lacking the 
tra^me.brane and cytoplasmic domains recovered (fragment 14) and 
ligated to fragment 9 and the ligation mixture transformed into * 
con strain 294. The transformed culture was plated on ampicillin 
media plates and resistant colonies selected. PWd DNA wag 
prepared from transformers and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCD4ANlaDHFR . 

C «n 11 B °? PSVeCD4DM * and PSVeCD4ANlaDHFR were transf acted into 
CHO cells by the same method used to establish cell l lnes stably 
expressing HIV-I polypeptides (Mussing. Smith and Capon Cell 
48: 910701 f l 987]) . These cells _ assayed ^ 

radioianmunoprecipitation as described below. While no product was 
detected in initial experts, subsequent experiments showed that 
the above described coding segment could indeed direct the 
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r" of * soiutie m — - — *» oho mi 2 „ 

Section ^ 

A different expression system was inifi.ii 

^ . xpr . aslon of , ^ ™ «•* *» the 

=,cop laa . lc mi e ^_ taQ . the 

* *. M < lng region for j j * 7;- 

pSVemOKR Ms digested rta, ^gj 

(»- S . S .H. 97,47 2 . m.d Sep, u. lS S7> „L IgTted " ^ „*" 

by eel ^ . ne P la smid recovered 

7 gel electrophoresis, Li gate d to fragment 15 ^ rt „ 
mixture transformed into ligation 

iiaj-ormea into £. C oIi strain 294 tk- - 
culture was nl fl ^^ , ™ e transformed 

was plated on ampicillin media plates and r- < 

colonies selected. Plasmid DNA was prepared J ^ 

checked by restri,^ , Prepared from transformants and 

ea by restriction analysis for the presence of tha 
fragment. ^ plasmid u ^ ^ ^ ~ *• correct 



25 Section A. 



35 



«pr.s sl !T o n "T 1 *- """^ ~ *"H-d » direct the 

. — „. ldUM ™: t :rrr ^ 

oeiore a translation termination codon Thi* 
~ the p UM tl,e CD4 cran ^ raa . ^ -J^ 

" ' *** fr °*" M »»*« «.U.d 004!) 
and was constructed as follows: 
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pSVeCD4DHFR was digested with HnaTT u, 

fragn.nt and the four dNTPs and dl ^ ^ 

ur o«TFs, and digested with BstEII The 389 k 

fr^nt a „a the four ami ^ ^ ""^ K1 ' m ° W 

n 1116 transformed culture was ni.^ 

:r » d trKUfotBMt , Md ch . cked ces : rlct ^ - ~ 

15 

- — .na tn. 134 bp ™ * - - ^ 

(fraamant 911 *. ^ or P aR3 Z2 was recovered 

fragment 21). Fragments 20 and 21 were li™«-o«4 „ 

colonies selected Plasmid n»A resistant 

s „ « 8 «,t r i^irrr fcoB triM£ora * nM - 

«. pwa „ .Ha tot ~ ° ° f *" ™ 
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S ° ^Wwt.la. This vUmiA is 

constructed as follows: 38 pRKGDCD «, and w as 

<trag»ent 22). pRK0B4I „ „, *" S^'OMtn «, Isolated 

*>W« 23 c^LC*. 3- ^TT ^ ^ ™ d toEU « 
*• H« ^ Wla l8 t 1>ted 3 ™ d " ** «* ««ng s.ou.„ce and 

10 

contain eh . codl „ s t.^? ' b * l0W> 

CTGCTCGEAG at 

Bunt ^ £ * ««r wlth 

»» c 0 » talBlne lot T";' c fras " M "** 724 



30 



35 



by gel 



Fragments 22, 23 and 26 were „ 

-ixture transformed into * CQlf * and ligation 
— e waa plated 0Q ^ »*. ^ transformed 

colonies selected. Plasmi^ ' ^ 

by ~t^"^^~* —ormants and 

*~ The seouence * *« ~ 

ensure that the synthetic insert ***** to 

was preserved, this plasmid is refS^T ^ ^ ^ 

referred to as pRKGDCD4T. 

these P RK5 derived pUsmids preferablv 
mto 293S, cells for stable Preferably were transfected 

^11 44:691 n M7 , _ — 'ding to Kuesing. et al. 

Pi— Id .xpr.,.l^ c. „ sist<uice 
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10 



standard medium <!•! F12/DME 7 P^aged into 

sulfate; Gibco) for selflction of J^lu.T 1 (GentiCin 
-U containing nathotrexate „ -her than ln 

-re assayed for production of CD4 or CD4 7 ^ 

precipitation B indin„ . J ^ by « d i°i™uno- 

n> Binding studies (section <5„\ 
supernatants f rom these Ml - . * ^ 5c) ^ conditioned 

rr - te ^«t:.:; ~ rr. 

described in section 8 below. obtained as 



gDCD4 adaptor 1: 



gDCD4 adaptor 2: 

20 section -fr 

The following constitute . studv 

inactivity by solubl . CT4 V* "» —I— of HXV-1 
~i,ati. n procedur . of Z^u JT'T " 

the. th. a™ ^ of H9 4 "•«"«« e t„ i ho^. 

were «. , ^ „ 4 1 " 

i-uoated for an additions! 3 ^ — • - 

revers. transcript... , CUltM " »«» <.«v.st.d. 

33 (PoLsz ee ,1 p„„ . ^trained as described 

a±., Proc. Acad. Hat. Sci USA 77.1/1= , 

U5A 12.7415, 1980). 
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Inhibitor supernatants were ahr a ir,*A c 

or all of «, , Inhibitor supernatant replaced part 

or all of the incubation media durin* h,. 

culture as indicated in th a 7 " three days of 

indicated in the second column of Table 3 ch«n 

dose of virus was 100 TCID 50 ( Groopmail ^ ^ ^ \ 
strain HXLV- IIIB grown in H9 cells assav^ ^ ' the 

Incubation media consisted of RPKT SyStem - 

famine, 1 00 ^ ^ ~ L ' 

2 P01yb ; 6ne ^rr iti gr Tair cre ~' 

Bioproducts) . ° alf serum (M.A. 
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Inhibitor 



mock- trans - 
fected 

mock- trans - 



Table 3 

Dilution of Indirect „ 



undil.; 1:4 65 3 65 5 



21.8 23.9 



fected 


undil. ; 


1:4 


61.2 


61.1 


18.5 


28.1 


CD4T 


undil. ; 


1:4 


0.4 


18.0 


0.11 


5.94 


CD4T 


undil. ; 


1:4 


0.8 


16.1 


0.15 


3.72 


gDCD4T 


undil. ; 


1:4 


0.4 


26.8 


0.14 


9.92 


gDCD4T 


undil. ; 


1:4 


1.4 


36.1 


0.23 


11.3 



Both forms of soluble CD4 virtually abolish*,! 
HIV-1, when incubated with virus w T , ° f 
"lution (Table 2) ^ ^-^ected cells witW prlor 

preparations were onlv " ^ 

growth., howevel 1 ^T^ 117 «~ 
transcri^ fluorescent-positive cells and reverse 

transcriptase was still significantly lower than cultures recT* 
"ock-transfected cell supernatants (Table 2) 

significant difference in virus «owth k 

^ ^ ovth between diluted and 
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undiluted control supernatant* , nor did , * 

affect the growth of uninfected H9 cells Z *" 

CD4 proteins present in " these s.pel^ ^ *~»> ' 

-pon slble for the negation of ZTiJZ™'* * * 

4 i infection of H9 cells. 



l"t«t CM (Laslcy « al ^"f^ "'"^ "lubUized 

"action, consist.* „ f Uh.-uo „ 1 — Binding 
intact C4 „ al « " " lyMt " 



containing CD4I „' r Z^f' " °' U ^rnatants 

»c«.n 5a. Action, (O.^, tT. fi 7" " 

0.2, Ha decrychol.te 0 M „ <"»>«i"»0. 5 , HoiUaet „. 

•icrogr™ of unlabeUd h « ~. or of 50 

*°lWn 8 incubation. bo<md SP " £ f °" « heater excess) . 
i«»nopr.cipit.ti.n and counted i» "■"""t.t.d by 

^—-.-precipitation, binding *, F « 

-* = liters of noJx ^f^T" 
cleared with 40 ^croUfr. of » . 0 "* W *' 0 ' C ' «« 

30 »in»te. at 0 degree, c S 7 ' ^ C ^"> ^ 

« 0 degrees 0 with 2 microUters of 7" U "" Aat " > ™™ l t>* 

(0.23 micros™,, of 0KI4 . , " 5 ^"""rs 

"Uecticn of LL ^ 77" <0rth0) ^ * 

Precipitates were washed JZ \lt ZT^'" " 

«•» « Tri a .„ cl pH * «- -PU buff.r 

^c.rol. and 0.1, bro.oph.no! blue) « "rT^'' ^ 
~* * - .eued a ^ ~ ^ 
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SUpernatanCs fr °» -nock-tra^fected cells 

specify bound * g - . level Qf 

containing soluble CD4 Seat^ „ f ° r su P e ™atant s 

- ««. -■jrt^r^ 1 "~ u * 

consent, oa, o£ !.3 , l0 ., ' dl s .„ cUtlon 

»*-«pX20 binding in ,.luti.„ „. ' ^ V * luM «"r 
P-vl^ly neMuced _ J" <=°»P«able to «» a££1 

* 10-' «. C.U, ^ lnil - S * ^ " *- «*. (Kd-4.0 



Section g 



constat.* fM ^...^ ^ M3 P1«U. w . 

-idues, and „. c . £ . rad J*J - -ddition o £ extr . 

p«= ^ ^ — » u . ^ „ 

"aneroid lneo coJi stt<in ^ ^ -ixcur. _ 

■» •"PiciUin media pla t. s M "^'r-d cultur. p Ut . d 

Plasnid w» d r«slsta»t colonies selected, 

restriction analval, £or and 

-uUinS pUsJ ^.T"- ° f * — « The 

reterred to as pRKCD4ANla. 

Synthetic DNA r5'rrT . ~. 
- — I to tb. .J' * " « * « - 3., „ Md . 

«ould terminate transiatil * ' - 1 *** *- « '""bed 

Ugat. to Sam restriction . S ™'" : "** d " 1 «"«" » 

»-« 28). Am 27 ana 28 w r . lijat.,, 
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and then digested with BsfcETT • j 

w BM±m to reduce dimerized fv a ««~ 

monomers, and the resulting 401b* f M ln * rl «« d fragment, to 

29). 8 P fragm6nt Was "covered (fragment 

5 PRKCD4 was digested with B^tl! and ^ and . 

^ ** " *• PWd (fragment Z s Uo^TZ 
Ugated to fragment 29. The ligation mixture was I r an f T 
* coli strain 294, the transformed culture P 7ate d ^ 
»edia plates and resistant colonies seUctel t * ^ 
- prepared from transforms and Jl^^J^, ^ ~ 

the presence of the cor™,- , restriction „,i ysia f „ 

to I* r "" 1 " n! " 

«Us to 6 . n «l 'I * PUMldS *" ««"e=t. d lMo 29J 

descrl b .< I! Varl *" t °— "11 It-, as 
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Section 7 



Two plasmids were constructed to direct th» 
secreted CD4 lackina «,„,. direct the expression of 

lacKing extraneous amino acid r-*«i* 

:::: ~rz. rjrr — - ~ ™ - 

v» ana were constructed as follows: 
balance of the 5-l aetflm 8 Segment containing the 

« p>. m on Mplclllln ^2 ; la a * ™— < ui ~- 

selected. Pi™,,, D1IA P ™ d resl «ant colonies 

■"lysis fot the presence of the correct fright. 
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The resulting plasoid is referred ^ 

c 0ntains the sane ;t fra : ; s ^ 

molecule found in the A ^ enC ° ding Solub ^ CD4 

(Section 2). *>~e-mentioned plasfflld pSVeCD4ANlaDHEH 

pRKCD4TP was digested with EcoRI and BamHT „ 
containing the truncated CD4 codin *" 
to fragments 31 and 32 The 11 7- *" 
,wa ^. The ligation mixture was tr« e * 
coli strain 294, the tr a „»* . transformed into 

t»»f MM lnto MUa * PlM " lds 



Fusions of the tt 

Maddon et al. 1985) tft ^ ^™unogiobuli n genes (ref 

' ° the constant rri ^ , 
"anunoglobulin * and y2 chain* 8l<m of huna * 

and 7 2 chains are constructed as follows: 

« chain (residues 109^14) ^ ^ ^ ° regi ° n of huna " * 

11o»» this 6nd to „. Ugated * - .«««c. *»■* 

3ynt h ,tic u ^ ln , fr ^f c Th. 

bas.s long. The,, are tk.„ „ *"* '"a"". 7 °-9° 
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PRKCD4 is digested with £co RI and ^ and 
fragment containing the region coding for the putative V ' 

ligated together with fragment 16 (from 
5 d rk5) Tf, a i« . (froa the egression vector 

294. the transformed culture plated on ampicillin media i\ 
resistant colonies selected. PwT ? ^ 

-ansformants and checfced by ^ 

io fra — - — ^ * 

region is constructArf « • , „ 

fashion, anc i, r.f.rr.,, to „ *» * 

ells to order to obtain coll , • 00aP "* nt 

or ; r c rri; ithet m ^ <f ~ i — 

first ^ conditi °ned cell culture fluid was 

first concentrated bv „i^,r n( . , as 

iamunoaffinitv e H titration then purified by 
xmmunoaffinity chromatography. The immunoaffinitv o„i 

~.«d controls p .r. gW oy t K. ™thod or *o y „ 
*- coU cuW. nu« i. lppUed Loctlv'to 1. 

S . een 80. The bound gDCD4T is eluted from the colu™ 
with buffer at- n « . column 

outfer at pH3 containing Tween 80 (0.1% w /v) and 1, 
35 neutralized immediatelv a9 < , ls 

lately as it is eluted. The eluted neutralized 
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SDCD4T is then concentrated by ultrafiltration and 
dialyzed/diafiltered to exchange the buffer for a physiological 
salt solution containing Tween 80 at approximately 0.1% w/v. 

5 If the detergent is not present the gDCD4T forms aggregates 

as evidenced by the ability of centrifugation at approximately 
10,000 Xg for 2 minutes to remove the gDCD4T from the solution 
Incubation of gOC04T at 4'C in 0.1M sodium acetate, 0.5H NaCl and 
0.25M tris at P H 7 together with BSA, Tween 80 or glycerol as 

10 candidate stabilizers showed that, in the absence of a stabilizer 

the gDCD4T gradually aggregated over the space of 12 days to the 
point where only about 60-70% of the protein was soluble. However 
use of 0.1% w/v Tween 80 or (0.5 mg/»l BSA ensured that about 100% 
or 80%, respectively, of the gDCD4T remained soluble over this 

15 period. Surprisingly glycerol was ineffective as a stabilizer and 

produced results inferior even to the control-at 8 days about 80% 
of the gDCD4T was aggregated when stored in the presence of 
glycerol. 
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Ifrrn mple 4 

Plasmids were constructed to direct the expression of 
proteins containing differing lengths of the amino -terminal 
extracellular domain of CD4 fused to the constant region of human 
immunoglobulin 7 1. These plasmids are referred to as pRKCD4 2 L 
P RKCD4 e47lf P BKCD4 27l> pRKCD4 e27l , P RKCD4 l7l , and P RKCD4 el7l . ^ ' 

Plasmid P RKCD4 47l contains the portion of the CD4 gene from 
the initiation codon to the fusion site after the codon for serine 
reside 366 of the mature CD4 polypeptide, immediately followed by 
the sequence coding for the constant region of human immunoglobulin 
71. starting at the codon for serine residue 114 of mature human 
immunoglobulin 7I (Kabat etal.). 

Plasmid P RKCD4 e47l . contains the portion of the CD4 gene 
from the initiation codon to the fusion site after the codon for 
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lysine residue 360 of the mature CD4 polypeptide, immediately 
followed by the sequence coding for the constant region of human 
immunoglobulin 7 1, starting at the codon for serine .residue 114 of 
mature human immunoglobulin 7I (Rabat et al.). 

Plasmid P RKCD4 27l contains the portion of the CD4 gene from 
the initiation codon to the fusion site after the codon for 
glutamine residue 180 of the mature CD4 polypeptide, immediately 
followed by the sequence coding for the constant region of human 
immunoglobulin 7 1, starting at the codon for serine residue 114 of 
mature human immunoglobulin 7I (Rabat et al . ) . 

Plasmid P RKCD4 e27l contains the portion of the CD4 gene 
from the initiation codon to the fusion site after the codon for 
leucine residue 177 of the mature CD4 polypeptide, immediately 
followed by the sequence coding for the constant region of human • 
immunoglobulin 7 1, starting at the codon for serine residue 114 of 
mature human immunoglobulin 7I (Rabat et al.). 

Plasmid P RKCM l7l contains the portion of the CD4 gene from 
the initiation codon to the fusion site after the codon for 
aspartic acid residue 105 of the mature CD4 polypeptide 
immediately followed by the sequence coding for the constant region 
of human immunoglobulin 7 1, starting at the codon for serine 
residue 114 of mature human immunoglobulin 7 1 (Rabat et al.). 

Plasmid P RRCD4 el7l contains the portion of the CD4 gene 
from the initiation codon to the fusion site after the codon for 
leucine residue 100 of the mature CD4 polypeptide, immediately 
followed by the sequence coding for the constant region of human 
immunoglobulin 7 1, starting at the codon for serine residue 114 of 
mature human immunoglobulin 7 1 (Rabat at al.). 
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Construction of these plasmids required ^ 
construction of plasmid P RKCD4TP/ 7 1. It waa constructed 
follows : 



„ ht , A Cl °°* co41n8 £ ° r h ™ an '-"-Sl.talta 7 1 was 
obtainad fro. . ta- ,pl..n c 0H4 Ulltarjr <clont , ch labor „ otl „ 

no using oligonucleotides based on the publlshed , ^ 
(EUlson „ c .... . Huel . Eo ... jj..^^, ^ 

BaK-UI frag^t (the S^RI slte M contrllmted by ' ^ 
«. Fig. ♦.,„, containing p , rt of a,. wrUfcu ^ aU rf ^ 

" 8i0 " « 0b ™ 1 '»< 1 - W *W «, blunt ed ^ 
Kleuo» frag^t, ^ rocoTCred by gU eUctIophocasla ( m 

Si) . 



»1— id pBCCWTP-kk. ....ding . S ub.tlt„tlo™l v „ imt 
sol*. 004 (residues 1-368, contain a lysine » sidue iMtead o£ 
asparMin. at position x o£ Meur . ,„ ^ 

fto. placid by slte-dlrected a synthetle 

- — " • ^ ' ""don to 

.b«ia th. desired coding seance. ^ ^ „ , 

in addition to th. substitution .utation, and 21 bases on . a ch side 
of the mutated codons : 

5'. CCC TTT TTT GCC CAG CAC CAC CTT CTT GCC CTG- 
AGT GGC TGC TGG GAG GAG -3' 



PWd PHKCD4TP was transformed into B . coll strain SR101 
and the transformed colonies plated on ampicillin niedia plates 

30 ^KoZY'T' 3 Wete SeUCted » d — ' ^ ^e presence of 

ml3K07 helper bacteriophage to yield secreted, encapsidated single- 
stranded templates of pRKCD4TP. The single-stranded plasmid DNA 
was isolated and used as the template for mutagenesis reactions 
with the synthetic oligonucleotides described above as primers 
The mutagenesis reaction was transformed E. coll SR1Q1 and the 
transformed culture plated on ampicillin media plates 
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Transformants were screened by colony hybridization (ref. 
Grunstein-Hogness) for the presence of the appropriate sequence, 
using the following 16 mer as the probe. 
5'- C CAC CTT CTT GCC CTG -3' 
5 The hybridization conditions chosen were sufficiently stringent 

that the probe only detects the correctly fused product. Colonies 
identified as positive were selected and plasmid DNA was isolated 
and transformed into E. coli strain SR101. The transformed 
cultures were plated on anrpicillin media plates, and resistant 
10 colonies weire selected and grown in the presence of m!3K07 

bacteriophage. Templates were prepared as above and screened by 
sequencing. 

Plasmid pRKCD4TP-kk was digested with Xbal and treated with 
15 Klenow Enzyme, and Fragment a2, containing the linearized plasmid 

was recovered by gel electrophoresis, and ligated with fragment al. 
The ligation mixture was transformed into E. coli strain 294, the 
transformed culture plated on ampicillin media plates and resistant 
colonies selected. Plasmid DNA was prepared from the transformants 
20 and checked by restriction analysis for the presence of the correct 

fragment in the correct orientation (i.e., the immunoglobulin 
coding region in the same orientation as the CD4 coding region, and 
at the '3 ' end of the CD4 coding region) . This plasmid is referred 
to as pRKCD4TP/7l. 

25 

Synthetic oligonucleotides were made as primers for 
deletional mutagenesis reactions to fuse the appropriate coding 
sequences of IgGl and CD4 as described above. These were 
synthesized as 48-mers comprising 24 nucleotides on each side of 

30 the desired fusion site (i.e., corresponding to the C00H- terminal 8 

residues of the desired CD4 moiety, and the NH2- terminal 8 residues 
of the desired immunoglobulin moiety). Plasmid pRKCD4TP/7l was 
transformed into E. coli strain SR101 and the transformed cultures 
plated on ampicillin media plates. Resistant colonies were 

35 selected and grown in the presence of ml3K07 helper bacteriophage 
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to yield secreted, encapsidated single -stranded templates of 
pRKCD4TP/7l. The single- stranded plasmid DNA was isolated and used 
as the template for mutagenesis reactions with the synthetic 
oligonucleotides described above as primers. The mutagenesis 
reactions were transformed E. coli SR101 and the transformed 
culture plated on ampicillin media plates. Trans formants were 
screened by colony hybridization (ref . Grunstein-Hogness) for the 
presence of the appropriate fusion site, using 16mers as probes. 
These 16mers comprise 8 bases on either side of the fusion site, 
and the hybridization conditions chosen were sufficiently stringent 
that the probes only detect the correctly fused product. Colonies 
identified as positive were selected and plasmid DNA. was isolated 
and transformed into E. coli strain SR101. The transformed 
cultures were plated on ampicillin media plates, and resistant 
15 colonies were selected and grown in the presence of m!3K07 

bacteriophage. Templates were prepared as above and screened by 
sequencing. 



10 



20 



30 



The plasmids were transfected into 293 cells using standard 
procedures and assayed for expression and production as described 
above . 



Expressed Secreted 
pRKCD4i 7 i + 

25 pRKCD4 e27 i + + 

pRKCD4 27 l + + 

pRKCD4 G 4 7l + + 

pRKCD4 47l + + 



Plasmids also were constructed to direct the expression of 
fusion proteins containing differing lengths of the amino -terminal, 
extracellular domain of CD4 fused to the truncated portion of the 
constant region of human immunoglobulin 7!, comprising only the 
hinge region and constant domains CH2 and CH3. 



35 
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Synthetic oligonucleotides were made as primers for 
mutagenesis reactions to delete the immunoglobulin sequence from 
Serll4 to*Cys215 inclusive (Kabat et al.). These were synthesized 
as 48-mers comprising 24 nucleotides on each side of the desired 
5 fusion site (i.e., corresponding to the C00H- terminal 8 residues of 

the desired CD4 moiety, and the NH2- terminal 8 residues of the 
desired immunoglobulin moiety). Plasmids pRKCD44- y i, pRKCD42 7 i and 
pRKCD4] /y i were separately transformed into E. coli strain SR101 and 
the transformed culture plated on ampicillin media plates. 

10 Resistant colonies were selected and grown in the presence of 

ml3K07 helper bacteriophage . to yield secreted, encapsidated single- 
stranded templates of these plasmids. The single -stranded plasmid 
DNA was isolated and used as the template for mutagenesis reactions 
with the synthetic oligonucleotides described above as primers. 

15 The mutagenesis reactions were transformed E. coli SR101 and the 

transformed culture plated on ampicillin media plates. 
Transformants were screened by colony hybridization (Grunstein- 
Hogness) for the presence of the appropriate fusion site, using 
16mers as probes.. These 16mers comprise 8 bases on either side of 

20 the fusion site, and the hybridization conditions chosen were 

sufficiently stringent that the probes only detect the correctly 
fused product. Colonies identified as positive were selected and 
plasmid DNA was isolated and transformed into E. coli strain SR101. 
The transformed cultures were plated on ampicillin media plates, 

25 and resistant colonies were selected and grown in the presence of 

m!3K07 bacteriophage. Templates were prepared as above and 
screened by sequencing. 

The plasmid derived from plasmid pRKCD44 7 i is referred to 

30 as pRKCD44p c i, that derived from plasmid pRKCD42 7 i is referred to 

as pRKCD42Fcl and that derived from plasmid pRKCD4^ 7 i is referred 
to as pRKCD4ip c i. 
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pRKCD42F c i t pRKCD4 1Fcl and pRKCD44 Fcl are cultured in the 
same fashion as described above and CHI- deleted CD4 immunoadhesons 
recovered as described elsewhere herein. 

5 Light Chain Fusions 

Flasmids were constructed to direct the expression of 
proteins containing differing lengths of the amino terminal, 
extracellular domain of CD4 fused to the constant region of human 
immunoglobulin k. These plasmids are referred to as pRKCD44 f6 , and 
10 pRKCD4 e 4 K , 



Plasmid pRKCD44 rt contains the portion of the CD4 gene from 
the initiation codon to the fusion site after the codon for serine 
residue 366 of the mature CD4 polypeptide, immediately followed by 
15 the sequence for the constant region of human immunoglobulin «, 

starting at the codon for threonine residue 109 of the mature human 
immunoglobulin «. (Rabat et al.) 

Plasmid pRKCD4 e 4 rt contains the portion of the CD4 gene from 
20 the initiation codon to the fusion site after the codon for lysine 

residue 360 of the mature CD4 polypeptide, immediately followed by 
the sequence for the constant region of human immunoglobulin *, 
starting at the codon for threonine residue 109 of the mature human 
immunoglobulin «. (Kabat et al.) 

25 

These plasmids were constructed in a manner analogous to 
plasmids pRKCD44 7 i and pRKCD4 e 4 7 i described above, with the 
following exception: 

30 The human immunoglobulin « coding sequence (Fig. 5) was 

obtained from a human spleen cDNA library (Clontech Laboratories, 
Inc.) using oligonucleotides based on the published sequence 
(Hieter, P.A. et al., Cell 2£:197-207 [1980]) and an EcoRI-BsnKL 
fragment containing part of the variable region and the entire 

35 constant region was obtained (see Fig. 5), This fragment was 
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blunted with Klenow fragment and the four dNTPs. This fragment was 
used instead of fragment al, and was used to construct plasmid 
pRKCD4TP/h/c. 

5 Expression in CHO Cells 

Plasmids were or are constructed to direct the expression 
of the immunoadhesons described above in CHO cells. These are 
referred to as pSVeCD44 7 iSVDHFR , pSVeCD42 7 iSVDHFR , 
pSVeCD4i 7l SVDHFR, pSVeCD4 e 4 7 iSVDHFR, pSVeCD4 e 2 7 lSVDHFR, 
10 pSVeCD4 el7l SVDHFR, pSVeCD4 4Fcl SVDHFR, pSVeCD4 2Fc iSVDHFR , 

pSVeCD4i Fc iSVDHFR, pSVeCD44 /c SVDHFR and pSVeCD42 /c SVDHFR. 

Fragment 31 was prepared as described above. Fragment 32a 
was prepared by digesting plasmid pE348HBV.E400 D22 with BamHI. 

15 blunting with Klenow fragment and the four dOTPs, then digesting 

with Pvu l and isolating the large fragment containing the balance 
of the 0- lactamase gene and the SV40 early promoter and the DHFR 
gene, Plasmids pRKCD44 7 ]_, pRKCD42 7 i, pRKCD4^ 7 i, pRKCD4 e47 i, 
pRKCD4 e27 l , pRKCD4 el7l , pRKCD44 Fcl , pRKCD42 Fc i, pRKCD4 1Fcl) 

20 pRKCD44 rt and pRKCD42* were separately digested with H£ndIII, 

blunted with Klenow fragment and the four dNTPs, then digested with 
EcoR I and the fragments encoding the CD4-Ig fusion protein were 
isolated. The resulting DNA fragments were ligated together with 
fragments 31 and 32a and transformed into E. coll strain 294. 

25 Colonies were selected and checked for the presence of the correct 

plasmid as above, then transfected into CHO cells and amplified by 
methotrexate selection using conventional procedures. 

Example 5 

30 Culture. Purificatio n and formulation of CD4 variants 

Plasmids encoding soluble CD4 adhesons such as CD4T, CD4TP , 
or soluble CD4 immunoadhesons were calcium phosphate transfected 
into CHO-DP7 (a proinsulin- transformed autocrine host cell derived 
35 from CHO; U.S. S.N. 97,472) and the trans formants grown in selective 
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medium (1:1 HAM F12/DMEM GHT" containing 1 - 10% diafiltered or 
dialyzed bovine serum). Other suitable host cells are CHO cells or 
293S human embryonic kidney cells. The transformants were 
amplified by methotrexate selection in the same medium but 
5 containing 500 nm methotrexate. A" subclone capable of secreting 

CD4TP, CD4tp 500 b, was selected. CD4tp 500 b is cultured in a 
DMEM/HAM F12 medium at about 37° C until CD4TP accumulates in the 
culture, after which the medium is separated from the cells and 
insoluble matter by centrifuging. 

10 

Culture fluid from CD4TP transformants was concentrated and 
diafiltered to lower the ionic strength. The concentrate was 
passed through a large volume of Q-Sepharose anion exchange resin 
(previously equilibrated with 25 mtt NaCl, pH 8.5) in order to 

15 adsorb contaminants from the culture fluid. The isoelectric point 

of CD4TP is about 9.5, thus making it possible to discriminate 
between truncated forms of CD4 and most contaminants by alternate 
adsorption, respectively, on a cation exchange resin such as 
carboxymethyl or sulfonyl Sepharose, and an anion exchange resin 

20 such as quaternary ammonium Sepharose. In addition, since highly 

electropositive domains are present in the extracellular segment of 
CD4 any CD4- containing variant is purified in the same fashion as 
CD4TP. The unadsorbed culture fluid from the anion exchange resin 
step was then passed through a cation exchange resin (previously 

25 equilibrated with 25 mK NaCl at pH 8.5) whereby CD4TP was adsorbed 

to the resin. The CD4TP was eluted with a NaCl gradient at pH 8.5, 
this CD4 variant eluting at about 0.2 M. NaCl. Ammonium sulfate was 
added to the eluate to a concentration of 1.7M and the solution 
passed through a column of hydrophobic interaction chromatography 

30 resin (phenyl or butyl Sepharose). The CD4TP was eluted from the 

hydrophobic interaction column with a gradient of ammonium sulfate, 
the CD4TP emerging at about 0.7M ammonium sulfate. The eluate was 
concentrated and buffer exchanged on a G-25 column using phosphate 
buffered saline containing .02 % (w/v) Tween 20 or Tween 80. The 

35 CD4TP was soluble and stable in this solution, which was sterile 
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flltered and filled into vials as an aqueous formulation. Other 
polymeric nonionic surfactants are suitably used with the CD4 
formulations, including Pluronic block copolymers or polyethylene 
glycol, 

5 

It is also possible to employ immunoaffinity purification 
of soluble CD4 wherein the CD4 is adsorbed onto an immobilized 
antibody against CD4. This method suffers from the disadvantage 
that elution of the soluble CD4 under acidic conditions leads to 
10 protein aggregation that is only thoroughly ameliorated at 

relatively higher levels of surfactant. The foregoing procedure 
permits the use of much lower quantities of surfactant, about from 
0.01 to 0.10 % (w/v) surfactant. 

15 The procedure followed for the purification of CD4 fusions 

with immunoglobulin heavy chain was to concentrate recombinant 
supernatants by ultrafiltration and thereafter adsorb the fusion 
onto resin- immobilized Staphylococcal protein A. The fusion was 
eluted with 0.1H citrate buffer pH 3 with no salt or detergent. 

20 This preparation is buffered into Tris buffer at pH 7.5. The 

immunoglobulin fusions with CD4 V1-V4 optionally are further 
purified by the procedure described above for unfused CD4 variants. 
CD4 immunoglobulin fusions with CD4 V1-V2 also may be purified by 
the procedure above, except that it is not expected that the 

25 isoelectric point of this class of molecules will be as alkaline as 

that of species containing all four V regions of CD4. 

Example 6 

The characteristics of several adheson variants were 
30 determined. As shown in table 4 the immunoadhesons CD44 7 i and 

CD42 7 1 show improved plasma half- life in rabbits, coupled with 
high- affinity gpl20 binding and an affinity for Fc? receptor 
(determined with U937 cells) that is comparable to that of bulk 
human IgGl. 

35 
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10 



15 



20 



gplZO KD (nM) # 



Table 4 

Fc 7 R KD (nM) + 



Plasma Half-Life ++ 
In Rabbits YHrs . 1 



CD4T § 

CD4 2t i 
human IgGl 



2.3 ± 0.4 
1.2 ± 0.1 

1.4 ± 0.1 



ND 



** 



Not: detected 
2.83 ± 0.25 
3.01 + 0.68 
3.52 + 0.5 



0.25. 
6.4 
40.6 
21 days'" 



determined in humans 

"*"• KD was determined by the method of Anderson eC al. , U J. 
Immunol." 121:2735-2741 (1980). 

* determined by the method of Smith et al., "Science" 238 :1704-07 
(1987). - 

§ residues 1-368 only 

++ The adheson variant was injected intravenously into rabbits and 
samples of blood were collected periodically and assayed for the 
presence of the adheson variant. 

** Not done. 
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Claims : 

1. Nucleic acid encoding an amino acid sequence variant of an 
adheson. 

5 2. The nucleic acid of claim 1 wherein the adheson is a CD4 

polypeptide, 

3. The nucleic acid of claim 2 wherein the variant is a CD4 
polypeptide in which nucleic acid encoding the transmembrane 

10 domain has been modified whereby the CD4 polypeptide encoded 

thereby contains an inactivated transmembrane domain. 

4. The nucleic acid of claim 3 wherein the transmembrane domain 
has been inactivated by its deletion or by substituting for 

15 the transmembrane domain an amino acid sequence having a 

substantially hydrophilic hydropathy profile. 

5. The nucleic acid of claim 2 wherein the variant comprises a 
fusion of (a) a polypeptide different from the CD4 and (b) a 

20 CD4 polypeptide. 

6. The nucleic acid of claim 5 wherein the polypeptide different 
from the GD4 bears a non-CD4 immune epitope. 

25 7. The nucleic acid of claim 6 wherein the polypeptide different 

from CD4 is fused to the amino or carboxyl terminus of mature 
CD4 and the transmembrane domain of CD4 has been inactivated. 

8. The nucleic acid of claim 5 wherein the different polypeptide 
30 comprises a signal sequence. 

9. The nucleic acid of claim 5 wherein the different polypeptide 
contains about from 5 to 1000 residues. 
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10. The nucleic acid of claim 9 wherein the different polypeptide 
is capable of eliciting a humoral immune response in an 
animal. 

5 11. The nucleic acid of claim 10 wherein the different polypeptide 

is a viral polypeptide or an allergen. 

12. The nucleic acid of claim 5 wherein the different polypeptide 
is a human plasma protein having a plasma half life greater 
10 than from which the traxxsmembrane domain has been deleted. 

13* The nucleic acid of claim 12 wherein the variant is a fusion 
of a polypeptide comprising at least one V-like domain of CD4 
fused with a polypeptide comprising an immunoglobulin constant 
15 domain. 

14. The nucleic acid of claim 1 wherein the adheson is CD4, CD8 or 
the high affinity IgE receptor. 

20 15. The nucleic acid of claim 2 wherein the variant consists 

essentially of the through V4 or through V2 regions of 
the CD4 antigen. 

16. The nucleic acid of claim 2 which consists essentially of the 
25 GD4 insert of pCD4ANla. 

17. The nucleic acid of claim 12 wherein the different polypeptide 
is albumin, apolipoprotein or transferrin. 

30 18. The nucleic acid of claim 8 wherein the signal sequence is a 

bacterial signal sequence. 

19. The nucleic acid of claim 15 wherein the variant consists 
essentially of CD4 residues 1-368. 

35 



WO 89/02922 



PCT/US88/03414 



-57- 

20. The nucleic acid of claim 15 wherein the variant consists 
essentially of CD4 residues 1-180. 

21. The nucleic acid of claim 13 wherein the immunoglobulin 
5 constant domain is the constant domain of an IgG heavy chain. 



22* The nucleic acid of claim 5 wherein the different polypeptide 
is a cytotoxic polypeptide. 

10 23. The nucleic acid of claim 5 wherein the cytotoxic polypeptide 

is the diptheria toxin A. 

24. A composition comprising an adheson amino acid sequence 
variant which is incapable of cell membrane anchorage. 

15 

25. The composition of claim 24 wherein the adheson variant 
comprises a CD4 amino acid sequence capable of binding gpl20. 

26. The composition of claim 25 further comprising an agent for 
20 inhibiting the aggregation of the variant selected from the 

group of a predetermined protein and a surfactant. 

27. The composition of claim 26 wherein the agent is a 
surfactant. 



25 



28. The composition of claim 27 wherein the surfactant is Tween 80 
or Tween 20. 



29. The composition of claim 25 wherein the CD4 transmembrane 
30 domain has been deleted or has been substituted for by an 

amino acid sequence having a substantially hydrophilic 
hydropathy profile. 



35 



30. The composition of claim 29 which is sterile and which further 
comprises a physiologically acceptable carrier. 



WO 89/02922 



PCT/US88/03414 



■58- 



31. The composition of claim 25 wherein the variant comprises an 
immunoglobulin amino acid sequence. 

5 32. The composition of claim 31 wherein the immunoglobulin 

sequence comprises a constant domain sequence of an 
immunoglobulin heavy chain, 

33. The composition of claim 32 wherein the constant domain is 
10 linked at its N- terminus to the C- terminus of a transmembrane - 

deleted CD4 polypeptide. 

34. The composition of claim 33 wherein the CD4 polypeptide 
contains V^V^ 

15 

35. The . composition of claim 33 wherein the CD4 polypeptide 
contains V1V2V3V4. 

36. The composition of claim 31 wherein the the variant is in the 
20 form of a dimer. 

37. The composition of claim 36 wherein the composition comprises 
a fusion of a CD4 V-iike domain to an immunoglobulin heavy 
chain constant domain. 



25 



38. 



The composition of claim 31 wherein the variant is selected 
from the group consisting of 

(a) AC L ; 

(b) AC L -AC L ; 

30 (c) AC H -[AC H , AC L -AC H , AC L -V H C H , V L C L -AC H> or V L C L -V H C H ] ; 

(d) AC L -AC H -[AC Hf AC L -AC H> AC L -V H C Hf V L C L -AC H , or V l C l -VhC h ] ; 

(e) AC L -V H C H -[AC Hl AC L ~AC H> AC L -V H C H , V L C L -AC H , or V L C L -V H C H ] ; 

(f) V L C L .AC H -[AC Hl AC L -AC H , AC L -V H C flf V L C L -AC Ht or V L C L -V H C H ] ; 
or 

35^ 4 (g) [A-Y] n -[V L C L .VHC H ]2 
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wherein A is a CD4 polypeptide containing a CD4 variable 
region-like domain; V^, Vy, and Cjj represent light or heavy 
chain variable or constant domains of an immunoglobulin; n is 
an integer; and Y designates the residue of a covalent cross - 
5 linking agent. 

39. The composition of claim 38 wherein the and Vy domains are 
capable of binding a predetermined antigen. 

10 40. The composition of claim 31 wherein the immunoglobulin 

sequence is obtained from IgGl, IgG2, IgG3, IgG4, IgA ( IgE, 
IgD or IgM. 

41. The composition of claim 25 wherein the variant comprises a 
15 polypeptide different from CD4 which is nonimmunogenic in 

humans . 

42. The composition of claim 41 wherein the variant comprises a 
polypeptide which is immunogenic in humans. 

20 

43. The composition of claim 41 wherein the variant comprises a 
polypeptide having a human plasma half life which is greater 
than about 20 hours. 

25 44. the composition of claim 41 wherein the variant comprises a 

human transferrin, apolipoprotein or albumin polypeptide. 

45. . The composition of claim 25 wherein the variant comprises a 

cytotoxic polypeptide. 

30 

46. The composition of claim 45 wherein the cytotoxic polypeptide 
is ricin A chain or diptheria toxin A. 

47. A polypeptide comprising a CD4 amino acid sequence capable of 
35 binding gpl20 which is cross-linked to (a) polypeptide having 
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a plasma half life of greater than about 20 hours or (b) a 
cytotoxic polypeptide. 

48. The polypeptide of claim 47 wherein the polypeptide of (a) is 
transferrin, an apolipoprotein or albumin. 

49. The polypeptide of claim 47 wherein the cytotoxic polypeptide 
is cross-linked to the CD4 variable -like domain by a 
bifunctional cross -linking agent* 

50. A> method for preparing an adheson variant comprising 
transfecting a host .cell with the nucleic acid of claim 1. 

51. A method for preparing an adheson variant comprising 
recovering the variant from the culture of a host cell 
transfected with the nucleic acid of claim 1. 



52. The method of claim 51 wherein the adheson is CD4 and the 
variant is recovered from the culture medium of the host cell 

20 or from the cell itself. 

53. The method of claim 52 wherein the variant is recovered by 
adsorption onto a cation exchange resin. 

25 54. The method of claim 53 wherein the variant is recovered by 

adsorption of contaminants onto an anion exchange resiri. 

55. The method of claim 52 wherein the variant lacks a functional 
transmembrane domain. 



56. The method of claim 52 wherein wherein a salt is added to the 
culture medium to occupy charged ^^atpa of the variant, the 
resulting solution is contacted with a hydrophobic affinity 
chromatography resin to adsorb the variant, and the variant 
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eluted from the resin by washing the resin with a declining 
gradient of salt. 

57. The method of claim 52 wherein the variant is recovered by 
immunoaffinity chromatography. 

58. The method of claim 57 wherein the immunoaff inity 
chromatography is directed against a polypeptide different 
from CD4 which is fused to GD4. 

59. A method for the treatment of an HIV infection comprising 
administering to a patient infected with HIV a therapeutically 
effective dose of an amino acid sequence variant of CD4. 



15 



60. 



A replicable vector comprising the nucleic acid of claim 1. 



WO 89/02922 



1 /13 



PCT/US88/03414 



H < 0 

h2 o 

UO M 

uoo* 

H< fl 

OU> 

. UUH 
„ HUGO 

buHHHUU Ol 



Q 

WrfU H UOfl) 
UO M * H<« 

UUA OH <H 0 

< H H M-HO H UO M 



HH 



OU 3 

ou> 




US 



OOU 
<D CO uo 



H *f4H 
«UOO 

T3UOJ3 

M UO 4 
S3 U OH 

Shoo* 

3 Xfrt fl 

c^juoh 

<M 0 
UO u 
UOOj 

huo d 

HH< * 
C3UO J 

auo 3 



3 

fl > OUH 
(O0UUU 
<H W 

<§ji4 

UOJ3 
H <HH 

WHO 
S H<H 
UO « 

to UO M 
>03 UOO 

4HHUU >1 
H CUC OUH 

c wSouo 

uoo 
e-t< a 

>> 

OUH 

ouo 
ay 3 

HUO J 

c h2h 

H <E4H 

xoo w 

. H*H 

BSE 

UO M 
UO 41 

uo a 



cucou 

uj UO 

.quo 
uy 

co UO 

(NHUU 
fH M UO 
CLCUU 



to 



O 



«3<H 

U 



UO 
UO 
UO 
OU 

SB 

UO 

us 



J3UU 3 

H 5Uh 

05 UOO 
VHUU 3 
3 >H<< 0 

mjaoyH 
h *< fl 

OU> 
OU 3 

uo| 

UO Q 
-fl HH 

uox 
oo u 




■a 



l 



<HH 
UOO 

e-»<H 

<HH 
UO M 
OU 4> 

ou a 
W ou w 

UOO 
UO M 
UOO 
H<» 
I Htf fl 
I UOH 
t OU<< 
J <H M 
M UOJ3 

MOU 
h r- 

O H 
04 



H 

0) H 
'COS 



UO M 
<H >i 
fr» < H 

hSm 

U O J5 
<H H 
H *< & 

< H « 
OU* 

< H M 
UO 0 
H < W 

uo cu 



CU-CHOU* 

0OUO 
<M 
H*<H 

OU W 



HH 
0) H 

(AH 



flHUOij 

h 2 r 




0 0-H<HH 
CJOU fl 




wa»H>yg a* 
><d o u < 

flHOO CU 
COO M 

H< 3 




fl 

to 



UO M 

ou o 

MrfH p 
HOU M 

HUO ? 

0) CUO 04 
HH<eiQ 

o^coy < 

H H< « 

S H UOH 

fi«H OU«« 

•H *CS fl H UO tn 

£lXiA< OUH 

« cu<H » 
woou< 

hou a 

fl <H >• 
UO 



in 



3 

0) 

UO J 
UO M 

OU3 

UOi4 
UO M 
HOU « 
2<HW 
>UU C 

H<e*H 

flUOO 
OU >f 
OUH 

ouo 
ou c 

uoo 

H< 3 
hS 0) 

H UUj 
ZHOU 3 

o cquo a 
-Q < hh 
UOB 
UO M 
UUJ3 




3 

H H H < 0) 
3 M UOn5 
H 3 OU C 
fl P M <HH 
CUO)UOO 
V EH < M 
TJUU 4) 
H < W 
OUH 
H< fl 
OU> 
UO M 
UOO 

HUO 3 
HH< « 
C UO J 

aoo M 
uoje: 

H OU Q 

OUO 
OU >i 
OUH 
OUO 

ou a 

UOO 
H<H 



uo a 



- 

<h >i 

OUH 
OUO 

UOO 
H<J3 

OUH 
H*C fl' 

ou> 
<U 2 

UO»4 
OU 3 

<HH 
UOO 
OUH 

H OU> 
H OU 3 

c <e»H 
shouo 

HOU 3 

c <e-»H 

BOUO 

ou « 



H 

IT 



H 

WH 
cn H 
3 fl 
fl > 



OU 
UO 



uo o* 
^ ^oo* 

flHOU 3 

uBo 

OU > 
E4<U 
UO 0 
H <H 



_ UH 

OUO 

ou w 

OU M 

<hS 

UO M 
HUUfli 
HM-4 H < M 
4) COU fl 
rHH < H V) 

cu-aou tn 
OU M 
< 

h<u 
2mh 

UOO 
OUH 
H«< fl 
OU> 
H <H W 
0 HUO 0 
tJH M <<0 
f$ CUO 0 
SUO M 
UOO* 
UO M 
UU 0) 

<H« 
H < M 

OUO 
<M 
H < >i 
I M OUH 
i ZOUO 
I 4*H< 0 
) (QUO M 

<6 UOO 
09 UOH 
(N HUOCU 
ri HUO M 
CLCOU fl 

■Q.QOU 3 
<HH 

ouo 
oy 3 

*J UO M 

w u o -fl 
ou 



o 

in 



WO 89/02922 



PCT/US88/03414 



2/13 



H H 
H H 

C H UO (0 
a QIHHUUH 
A3 3 «OU<< 

UCJC*" 

uoo 
uo o 

H H< * 
H OU< 



I 

CQ 



■CUOJ 



uoo 

UUfl* 
UUH 
H<H 
OUfli 

oq m 

HUU0 
*<HH 
OUO 
UO >« 
C3UH 
OUU 
H< H 
O U fll 
< H W 
UO >i 
OOH 
OUU 
OU H 
UO.fi 

O U 3 
M H < 5 

HOU W 



CO 



HOU W 

aou s 
uoo 

UO c 

ou c 

< HH 

UOO 
OU 3 
H« 0) 

UOH 
H< « 
OU> 

h< h 
uo-c 

HUO (0 
HOU >» 

*H<U 
H< H H 

CUO-C 

HH OU 
bZ OU H 

O (ft UOH 
UJ3> UOjC 
H m < H H 
(0 CUO >i 

C J30UO 
H < H 
OU « 

< g-itn 

H< flu 

ou< 
ou a 

<HH 
<0 UOO 
„ « UO 3 
H HNHH< 0) 
3 H *<H HUUiJ 
H O-H CUC O U 3 
td otto « < HH 
(0JSJ3U3OUO 
OU 

H O 

o tr> 



3 3 



-Q 



ui 



OUO 
O U >t 
OOH 
HOUO 
HOU 3 
C<HH 

aouo 




ou • 

UOH 

u o « 

H < « 
H <n 

O 09 
r* H 




4J 

<H5 
ou a 

UOO 
UO 3 
H H< 0} 
3 UO i4 
H OU (0 

UOOi 

uo a* 

^ o«ch w 

(OH >3HH OOU(< 
W C CUbi ZUUUfl 
OiU^U «<HH 
O CO UOO 

w ja UOH 
wou> 

pi 
332 

80S 
B < W 
OUH 

qu> 
3 



SC. 



OUO 

ou ca 

h5S5 
HOU tQ 
0<H >i 

soq 9 




a-m m 

X 3 fiHH<H 

ed ouxhm 
wuhou a* 

d(9U M 



UO _ 
H< W 
HOU (0 

<HUO h 
M cuuo 9 
h H<ca 
e uo h 

0HUO 0) 
HH<W 
CUO H 

auo 3 

UOH 

ou< 
hou tn 

HOU H 

OUO 
OU 4 
UOH 
OU< 

OU 



WO 89/02922 



PCT/US88/03414 



3/13 



I M W W ^ 



H M 
VO H 
0> M 

3 0 

id m id H 
(QCm.CZ 

8 

co -QUO H 

H uui 

XX <HH 
^HHjj 0 

auu o 

>* 

UUH 

uuu 



v 0 

UU >i 

ass 

uu a 

H <HH 

T3 ouu M 
S uucu 
oy 3 

H U3ti 
QHH CJ OH 
Id 0 0 WMUU«< 

"888 

HUOQi 

zuy g 

OH* 0 
0UU M 

H 

CUC3J 
0 UU a 

< HH 

uux 

UO 3 
H< 0 
UUJ 
UU 0 
UU M 
UUCU 
UU 3 
Mfr< 0 

•SB* 

UU O 

< H >i 

UU > 
UU«H 
UUU 
UU 



M 
0 

H <HU 
0) UU 3 
*T5 H < 0 

ZUU-M 
<G H*C 0 

I0UU9 

3 SuiS 
H U U t0 

T3H*< 0 
t3UU M 

uua. 

UU u 
HUU 0 

CUU M 
BUO-C 

H UU 0 

tt>M UU M 

C\HM H> UUflU 

ta e « cuh u uuu 
OiC 0 uu cu 
UU M 

UUH 
H< « 
HUU> 
HUU 3 
fi<HH 
BUUU 
H< W 
UU >i 

h-j:u 

UU H 

uai 

UU 3 




o 



m 



dS5 



a«uu> 
j: uuh 
H< « 

H WUU> 

CmZUU 3 

UUH 

UU> 
<H 3 

uuu 

UU c 
<HH 
MUUU 

zh< « 

wUUI 
UUU 3 
H < 0 

«H <n 

O go 
O d 



H 

0 c a. 
h h < h w 

H < M 
UU 0 
H < H« 
0 UU 3 
Tl H ^ 0) 

UU 3 

H< 0 

UUi4 

H< (0 



MUU > 

?bua 



id UUU 
UU cu 
UU M 

UU4J 
HH< 0 

VMUUr-4 

UUU 
UU ti 
UUH 
H UU* 
H HUU 3 
CHHH4I HH 

a o>hcduuu 

T3 W UUU H 

a tfuuot 
uu a 

uu3 

UUH 

UU> 
UU Oi 
UU M 
H<H 
UUH 

&S£ 

UU « 
UUH 
UU4 
UU « 

UU 3 

< HH 
UUU 

uu a% 
uuh 
uu* 
uu to 

*H >i 
D*UU M 

«uu © 

UU to 
<H >i 

M UU< 
HUU 3 

0UUO 
UU to 

uu c 
<H 5 

< HH 
UUU 
UU 3 

is* 

UU 3 

uu 



m 

o 



WO 89/02922 



PCT/US88/03414 



Ul 13 



UiMMH 

0 0 W &CJ o 
eo C S-C UO 

uu 
h ua 

(ft M H *C 
MHHOU 

>o 



Hi<CU 
CJC3 M 
OU 3 



HUU O 

>uqo* 

M 

VOH 

<T> H 

3 * h e-» < w 

(S3 >HOU O* 
(ft UHOU m 



U W J3 




J3C9UC9 

go P 

UU9 



<0 H4 UUi 
WMH UP' 

MOO M 
flUO 



BidUU 

•hj:uo 

J3JCOU 



C3< 



o 

o 
u. 



MM _ 

c sou 
moo 



o 



in 
en 



o 
m 



WO 89/02922 



PCT/US88/03414 



5/13 



fi 
01 



CUUU 
OU 3 
H< 0 

w H uu w 

2 UU M 
h 4J < H *< 
0 WMUO £3 
WXJ IUUH 

sua m 

CUOH 
WUU < 

<HH 
>i 

UUH 

OU >> 

UUU 

H< 0 

M H < 
HHUU 

&auu 

to fl,UO 



CM 



H <.fi 
H«CCb 
M < 6-» CP 
D»HOU H 
(d fdUU< 

.mh h fi 
U«CH w 

UU 0 
OU M 

UU & 

m < e-i to 

M 

M uoo 
0huoh 
<d 0UU«< 
-C tOUU-U 
0) H << 0 

UU W 
< H >> 

h*c © 

H< N 
HUU © 
HH<<W 

M gUUH 

z uu«s 

|QHH>< & 
W 0UU< 

UUH 
UU*6 
UU3 
H H 0 

WUOH 



H*4 
UU 
H< 

uu 
H* 

UU 

uu 

(U H rfj H S3 

S<MH<C *>*ot 

(d U U «H>WUO< j 
UU 3 (OH H <*I 4 
H< « > 4 UU> 
<H « HHHOU >■ 



H M 
<< &t >9 
H*JH 
< H « 

<CHl >, 

re u o >) 

U 

3HUUU 
CHUC3 0) 
>MUUOM 



4><0M IUU(9< 

1H 



.H , 

uu hw 

<6-* >iO 

UU <M O 

E-4 <^ a C H M 



mHUU 
3 GH< 

(0 G*<<fr4 

WOUU 
UU 
UU 
UU 
UU 

£S 

UU 

UU 
UU 

*CH 

UU 
UU 

H H UU 
ta OUHUU 
A C <8UU 

*Cfi U U 
<H 
H UU 
H H< 

h m e-i < 

3t3UU 
H CUU 
ed-*<H 
JS<H 



CHUUH 
HUUU 
<dH<< W 

CUOK 
UU? 



C H vo O O w3 
S ffl^UU >i 
<d 3UUH 
.c 4UUU 
W UUH 
H << <8 
U U > 

< H 0 

H <H 
<HH 
UUH 
EH < 4 
U U> 
UUH 
H 4 
UU> 
H < 0 
H«C6 
H<<& 
U U 3 

H 3*4 
H 4 €) 

h 2h 

U UH 
M H 4 
MMUU> 
MO U U 4 

oe\(JUH 
<30U«< 

r «JUU 
uuu 

H O 



m h * 4 

3 UUH 
H UU<< 
id < B M 
HUUJ3 
fd<H&4 
01 H *«C (0 
WUU ^ 
H*U 
UUU 

uu^ 

*><&«H 
UU 3 

h* 0 

UUt4 

2hh 
uuu 
UUH 

uu^> 

H<S ©J 

< H « 
UU(< 
UU to 

88d 



SB* 



si 



_ _ 3 
H H ^ ® 
3 UU*3 
H UU W 

3 ell 

VH V9 M U U M 
AHUU& 
3 03 &i to 
(A > U UH 

a tiUUO 
UU^ 

UU 0 

> 0 UU 0 

(dH H UU to 
H OufiUUH 
C Q tSUUU 

J3^uu e 



UU € 

H ta 

UUH 
UUU 

uu a 

<^H 
UUU 
UU 3 
Mc<&4H 
MM 0»UUU 
O (3 «UU 3 
H J3 > « 

HUU 3 

*4H sjauua 

<dH> <EjH 
W3 &HUUU 
<5> HUU & 

H (d H > UUf< 

b w s cd u y g 

M H 4J HfC © 
O VO H W UUi^ 
W ©\ H-Q UUH 
3 4, HH(^ (3 
(d >MHUU> 
« 0 OtidUU 0 

w auu 

< 3 

© 

UU»4 

uu & 

09 

uu< 
ca 

H kC fr»H 

S UU to 
UUH 
3 H U U U 
C 4UU 9 
»W U U H 
4JUO<< 



H 



3 

UUU 

UU to 
H <U 
UU 0 
H<H 
<HH 
UU M 
<Ej >9 

uujs 
<e« to 

UU«5 

UU © 
H< W 
UU 0« 
HH HflC^ tQ 
Q^HOU(< 

jariiftlH 

auuu 

6-»<H 
QUID 

HH 

(AH H<< 3 
(d HUUtJ 

-SUU w 

UU 0 
6<<H 



H 

0 H 

*q 0 e 



3 fi H H <<H 

4 &H << H W 
CQ'O UUU 3 

UUtj 
UU o 
UU u 
UU& 

uu a 

UUH 
UUU 

H 

toH <HH 
VO H UUU 

WO>M>UO Si 
3 (d M << H (Q 
fd > 4UU<< 
(l) tdHUU & 
CUU M 

h2 « 

UU M 
UU 0 

H<<Hcn 

HUU H 

auu^ 



IU 0 



HUt 

0 CUU Os 
H-H<fr4 tn 
CU^UU<< 
H 4 
OdM UUH 

a ta h uu<< 

*r4 «fi td H UU» 

^^-a^ uum 

4J n HUU < 
3 C M<< & 
(9 &«CH tt 
0}<OUU<< 
H< 



UU 3 
H H < 0 
>iH < iJ 
•P UU M 
WUOJS 

< H &4 
UU 3 
H < OJ 
UOd 
U U M 
UUJS 

UU 3 
H< 0 
UUJ 
UU M 
M U U 0 

> UU fi 
H < HH 
«JUUU 
UU >* 
UUH 

uuu 
uu c 

< HH 
UUU 
H < 3 
H< 0 

H U U »J 
Z HUU 3 
0 S H < 0 
U O.UU J 
<y uj U U w - 
J3 < HH 

uus 

UUH 
UU£ 
<HH 

uoa 

< H W 

uu«s 

H < M 
U U 0 

H<<cn 

UU fi 

< H W 

< H«$ 
UU <d 
UUH 
UU< 
H << H 

< H H 
U U 3 
H 3 0 
H 2 J 

< H >» 
UUH 
UUU 
U U 0 
H <t.C 
H < 0* 
UUH 
H < 4 
U U> 

< H 3 
H < 0 
U U t-5 
U U 3 
H < «9 
H 2 iJ 

< H C 
2 HH 

uuu 

UUH 
H *C 4 
U US> 
U 0 3 

< HH 
SHUUU 

H U U 3 
C < HH 
SUUU 
UUU) 

2 H J 

u u fi 

< HH 

uuu 

UU Q* 

< H W 



H 
H 
C 



H 

VO H 

cvh 
3 4 



(d > HUU«< 
(QI9HUU3 
C *tf HH 
SUUU 
UUH 
H < « 
U U> 
< H 



o 



WO 89/02922 



PCT/US88/03414 



6/13 



HH 
CuX 

U 4.1 

U W 
IQ Q 



I 

m 

o 



H 

in ^ uoo 

M MC4H H< 0 

3H<HHUUJ 

O U 3 
H H H <C O 

h s uu a 

13 >H <HH 

t3 &< M 

H«C«A 
OUH 
H<C « 
OU > 
UU M 
UUfl) 

H<c w 

HUO 3 
H<HH 

h ou ca 
a ou >* 

OOH 

ouo 

OU 5i 
OUH 
OUO 

ou fl 

UOO 
H<H 

uo a 
2h • 

ouo 
ou cn 

sua 

UO M 
H UOflU 

o cou © 

CUCOU o> 
OU H 
<H*< 

H < w 

OU >t 
H<U 
<HC 
<HH 
UOO 
OUH 
H << 4 
OU> 
H < H M 
0) H UO 01 
TJH H < <0 
XJ CUU O 
6UO M 
UOflU 
UO M 
OU 0 
<HCfl 

h< n 
ouo 

< H W 
H < >i 
HOUH 
2 OUO 
•U H< O 
W UO W 
.OUUflU 
vo UOO 
CD UO M 
rsMUOflu 
HHUO M 
CUCOU O 

ja ou 3 

OUO 
H *0 

o r* 
« H 



0 

H<H 
rtJHH 
UO M 
UU« 

< H w 

UO M 

HH yoo 

I-ShhSS^ 

iO 3 oou<4 

.C4J «OU Q 

"IB* 

too 



>i 

00 




3 UOH 

H OU< 

*h<h 3 

OH O 

COUH 
H< * 
OU> 
13UH 

OU> 
UOO 
H<H 
HH 
O CU 




aoy 3 

O U U 

o u * 

UOH 

ou< 
ou e 

< HH 
UOO 

ou cu 

OU M 
H< H 
OU CU 
OUH 
H<H 

ou a 

HH< O 

UO >i 
OUH 
OUO 
H < W 
OUO 

< H cn 

UO >t 

OUH 
OUO 
OU M 
UOU5 
<HH 

ay 2 

3UO.S 
HOU W 

"IK.* 



UOO 
UO c 

OU c 
<HH 
UOO 

oy g 

H< O 
H<*J 
UOH 
H< «3 
OU> 
H < M 
UOJ3 

hSS « 
HOU >i 
«JH<U 
H*CH M 
CUOJ3 
<HH 
OU CU 
OU M 



H H 

Gu Z 

UU H < H 

C CO UO M 

(0A> UUJ3 

H *UUH 
C-QOUO 

OU O 

ou 

<<H 




H<H 
H< * 



7 W 

9 3 



rt HH 

UOO 

ass 

OUO 
OU >i 
OUH 
HOUO 
HOU 3 




« 

<Hi4 
OU W 

< H >i 
<HJ 
UO >i 
OUH 
OUO 

< HH 
UOO 
UO 3 

H H < O 
3 UOhI 
H OU W 
id h < H >i 
a) < h »-? 
*D H* O 
*OUUH 

uoo* 
uo ou 

3<d<cJX 0<H « 
«H > 3 HH O OU < 
W C (0 acuz UOO B 
O < HH 

u cn uoo 

WJQ UO M 
HUOJ3 
H<HH 
WH<H 

iaou> 

OUH 

uo<8 



H 

VO > H 

cnHHg 



H*cf3i< 
HOU W 
O <H >i 
-Q<H J 

soy 3 

H< O 
UOiJ 

uo o- 

< H W 
OU< 
H< O 
H<US 

H<a* 

UO M 
HH UO-C 
JS< <HH 
an H UOO 
£ 3 CHH<H 
*j 0u» <HH 
U'OHOU CU 
«J O U M 

KM 

UOO 
H<€0 
w OU CO 
Z<H >i 

<w UO H 

H cuuo o 

H H <CO 
C UO M 
g H UO o 

HH<cn 
c uo u 

QUO O 
H< W 
H < * 
UOH 

ou< 

O U 

OUH 

<H<< 

r-l VO 
O P" 

cn CN 



WO 89/02922 



PCT/US88/03414 



7/13 



C 

W C5CJ 3 



H 

3 « 88d 



(OH Id H U O < 
H UCJJ3 

-a <hej 




uu o 

UO >f 
H<< M 

SSf 

OHUUO 
T3HH< 0 
*0 CUU M 
SOO04 
UU9 

h H< * 

a eiti 

OHH UOH 

tajauo o 
uu M 
huo£ 

h # 8SJI 

CUHUC9 3 

H< O 
UOJ 
UU 0 
UO M 
UUfli 
UU9 
M£i< © 

«3<H 




3S 3 



a . 

H H< 41 
H OU W 

»OH< 0 
•OUO M 
UUQi 
UO M 
HUU 0 
HH<W 
QUO W 

H UO 0 

Vfl >M (J O M 

AHHH> UOCU 
3 4 «J?HO<H >i 

> * * ogpn 
to a « curH uauu 
cue oaudi 
aojj 

OUH 
H< « 
MC3U> 

CrtJHH 

atsuo 

UU H 
UOJ3 

uu g 




3££ 




CM 

i 

CD 

CVJ 



au 



WO 89/02922 



PCT/US88/03414 



8/13 



4 



"55 

£ 0 
H H 

< M >i 

uuo 

O U M 

^ HCJO « 
> H«M E-» < W 
< 0)CUO O* 

h;.h < h n 

CUpfl O CJ < 

ou 3 

Ot> 3 
«< Q 
UUn4 

HOO >1 

JUU0 
H < HH 

OUCJS 
UUP 



OU3 



H HUU- 
G H HH (<HH 
0 

O e< 0 
T3 W O O O M 

M 

H< <d 
UU> 
OU Ot 
UU M 

OU> 

W H3 




U OH 



HUU< 
HOU3 

aouu 

OU 3 

< en 

UU3 
CJO«4 

H tO 

o r* 



HH<H 

>d cub 

CJ30U 




H H UU 

HH H H< 

h* g uo 

«9H HOU 
XI ribHHHUU 
«H CU*OU 
OUIO CUU (9 




hou o 
>uo£ 

H <HH 
«H U(9 H 
WH UU 0 
5 4HH<« 
« >HOO CU 

ni 

UO M 
UOOt 




H frtH 



<0 H 
OtHM 




9 «SOH< 0 

OS >B OOU> 

q«<p<n 



MHHwO 

w Oiuq 

0J3UO 



3 H|g 
QHHOUU 

HOtf 

eLuS 



3o 
uu 



o 



O 

CM 
CD 



WO 89/02922 



9/13 



PCT/US88/03414 



CD4 




Immunoglobulin yi 




FIG. 3 



WO 89/02922 



10/13 



PCT/US88/03414 



H 

3 H O 
MO 

IDH UHHUUOt 
UlflUUO 

w-Qua M 

UOCU 
MM < H W 

cr< oo< 

4i 3 OHH<H 
WTDHOU Ot 

iduu m 

SSS2, 

us* 

UU M 

u ua* 
uuo 

UU M 
UUfli 

truoS 

-aw 

OUO 

ou w 

OUH 
MUO M 
(OH 

MOO CU 

au m 
3 



H H 
« H 

ON M H «* 
?St) H 
flif (0 o u< 

C U OH 
m U U*< 
v < H M 
C0UO.fi 

wuuu 

-QOU >i 
UUO 

h uo o 

C <OUO M 
J a3UU.fi 



> 

MM 

«3 e 



< 



H<N < fr4 
<HUU M 

*h auu o 

J3J30U W 
<H >i 

UU M 

H 

M et«<C0 

1 h ua a* 

CUO 0 
gUO M 

uocu 

SB" 

rH 0HHUU 

CJQ bi ZOO _ 
M 4J H < O 

O 

UOM 

HUUfl) 
M&4i<J3 
OH<CU 

.ouoh 

OU> 

ou u 

UU 0 
Eh < W 

m<h p 

MUO M 
MOOCU 

I U 3 M M M M 0) U O >1 

§§3 ""—JmSkSi 




3 

H< © 
UUJ 
UOH 

oy> 

M UOH 
MMM OU«4 
CUtffeHOU 0 

s-c o auoau 

UO M 
UOU3 

UO « 
<HH 

UO 
OU 

«C*A «MOU> 

30UO 
GUO M 
<HOU 4) 

ill 

OU 3 
UO 

„ MMUOH 
SHHHHH 4DUfC 

•h d M ai a «£UU >t 
jsm « a *«g.couh 
a CJB-Q 4 ouo 

aSuo 3 

1 a 



MOM 
•H CU« 



04> 




UOM 
rn rj rtj 

S H cfiO\«>C*M 
UO kS^HHHH 



OU >• 
H<U 
UOM 

< HH 
M H < * 
MM OU> 
MM UO « 
©MMUOH 

8 ouojs 

UO CU 

< h m 
ou< 

MMMOU « 

(dMSUOH 

.c o«*ou< 

+J « 3 UO * 
W fiUOH 

M-»OU< 

64 < M 
UOJQ 

UO 
HH< 
* H 3 
0< H 

fflUU 



JJCJU M 

UOM J 

mmuo « 

8 "383 

OU M 
MUO * 
HH <W 
CU O M 

suq « 

UOH 



OU M 

uo 3 

H < W 
H OUH 
M H< * 
H OU> 
M OU M 

M4J OUH 
J3 HH< < 
HHHUU> 
«C CUldOU 0 

io cuuu m 

SJSUOC3U 



MM 
.fi M 



ou> 

UOM 
UOJ3 
<HH 
UOH 
H < «* 




WMMOU> 
XICmZUU 3 

M^e;< « 

(AJ3UO M 

uo-a 



OUH 



CMM OUO 
CuZMUU 3 

U (QMUOiJ 
(OA « UO >i 
«OUH 
£OUU 



UOH 

M MMOU> 
Cm ZZOU9 
M 04JH<fl 
UH O WUOJ 
(OS OJ3UOQ 
«H OU >i 
3 > H<U 
e.a uo >» 
(Mja ouh 

MMOUO 
CmZOU 3 

a) 

U(I)UUp4 
Co .QUO 
UO 



UO M 
OU « 

uq p 

UO M 
UO CU 
OU « 

uuww 
mSoz <q 

.COUH 
OU > 

uo c 

UO Q 

<CHM 
UOM 
*<H 
H< 
UO 

U o„ 

ou a 

uoo 
«ouo M 

> C0UOJ3 
M MM < H H 

« 0MUO>t 
H d GUOUH 

Ci) (0OUO 

jaop 3 

M M h5m 

3 a uom 

f-4 ^HOUfi 
d 3 XHW 
M CJ3U O M 

3«MAOU O 

(0 UOM 
XX M UOO 
rH^ EH < W 
O0SUO 0 
0<NUO M 
HUOOi 
CUOUH 
(0 H < 
i30U> 
UOM 

M u o *d 
H<HH 
HUUUH 

CU(0OU> 

M OU> 

X UOM 

^ MOU • 

3 ><HC0 

a jauo m 

vm AOU O 

m < Htg 

OIMUO 3 

T3H e»< a) 

T3 COO a 

UO M 
> 

O 3 



MH4 

a) a 

M*H 

CUU3 



<H > 
OUH 
MOUO 
MM M<H M 
O M MOO U O 4> 
*Q4JH OH*C«0 

S BOUOO 

h < cn 
ou c 

uoo 



o 



M 4) 
M JC 
0H<0< 
J3UOH 

ou> 

< H M 
UO 0) 

OUO 
M UO M 
M>UOfiU 

> tdOOH 
4MOUO 
COU >i 
OUH 
MMOUO 
fiuZOU 3 

U (OUO ^ 
W J3UO 3 

UOi4 

OUO 
H< 0 
UOM 
UOOi 
M <H« 

f ^83 

mvo < H 0 
«0DUO M 
(NUOO* 
MU O « 
CUOU >9 

J3OU0 
UO M 
U O CU 
<H 0 
UOM 
MUOCU 
MUO W 
H(JU>1 

<TJH<U 
M < H M 
CUOJS 

u o to 

< WH 
UOK 
H < M 
UO A 
<HH 
<H W 
<H >i 
<H J 
U O CU 



pq«4.£ 



ou >i 
H <U 
H< M 
UOO 

<H a 

< H >« 
vo <HJ 
as UO 0 
CM MUO M 
MMUOCn 
CUCOU 3 
W to <HH 

.caouo 

H<H 
H< <d 
OU> 
<H W 

< H >i 
<H J 
OUO 
<H >i 

UO CU 
<H« 
OU< 
OUH 
< 

OU> 

ou a 

M<H >• 
4J U O M 

uiuur 
uo c 

< H W 

M cn 
o o 



WO 89/02922 



PCT/US88/03414 



11/13 



l 

CD 

O 
Li. 



W 

<& >1 

H ou> 

i-H HUU3 
CHHH< H»H 

tJ W O UU M 
0 0J UODu 
QUQi 

HUU< 

0 <H 3 
Xl<HH 
EUUU 

uo w 

<HH 

uus 

UO M 
UU 0> 
<H(Q 
UUH 
H< * 
UU> 
UU CU 

ou< 

OU> 

uuh 
uu> 

HOU> 
WUU « 
. HUU >1 

«JH<U 

CUUJ3 
<EJH 
UOH 
B< * 
H OU> 
H HOU3 

CHHH4JHH 
E II H 00 UUU 
OH< 0 
T3 W 0 UO M 
0 0>UOOi 
H UU H 

H UUA 
_ id « H < H H 

«jhh > m h ua cn 

CCUflidOwMOUM 
V) QiM'HUO< 



H 

<©> 
<T> H 



a j= 



3H 
I0H 



0 UUU M 

muu o> 

CH<H 



WHHTJUU*} 
id X 

HOi <H£ 
CWHUU? 

-Q^ h < q> 
sua m 

<HH 
UU CU 
<H« 
UU*C 
OU UJ 

uucu 
<h tn 
<H > 

<H 0 
UU M 
UUQ< 
UU o 
UUH 

w UO © 
H H < -C 
0 H<CU 
J3 HUU 3 
EHH< © 
CUUiJ 

sua 



U OH 
HUUJ3 
£<HH 
H OiUU 3 
Hj3H< © 

SUUm" 
UUH 
HH< «J 
«UU> 

cnua m 

«0 U U © 
<HW 
UOH 
H< « 
UU> 
UUH 



uu tn 

UU M 
UU. 



H H 
Cu M M M 
M H Cbti 

u o w a* 



uu 8 

36' 
SR. 

IUO 



UU 

m 

WH<H 

HUUU 
HUU 3 
3«CHH 

auuo 

UU w 



HHHUU H 
(OHSBUUS 
.0 0<*UU O 




uua 

UUH 

HUU 3 
C<HH 

auuu 

UUH 
H< * 

ou> 
uu >« 
UUH 

uuu 
UO flu 
< H ta 
uu< 

UUH 

M U U M 
©<H >■ 

MUU & 
UUH 
H <H 

uo a 
u o © 
uu 



uo< 

0 

UU M 

uucu 

HUU 3 
H&4«< 0 
0UOi4 
0UO 4 
UUH 




uu n 

uua 
uu >i 
H<<U 

uuu 

SH >• 
U M 
id *6j S 

we 2f$tJ 

MUU 3 
4HH 
UUU 
UO « 




H< © 
UUi4 
UU 04 

uy m 

UU 0* 
MHUU< 
M4J <fr»H 

a a uoo 
w-a uu a 

< HH 
MUOS 

zuy 3 
o e< ? 

OUOH 

uu> 



o o 
in oi 



WO 89/02922 



PCT/US88/03414 



12/13 



0 

UO H 
UU04 

e* < w 

< h >i 

H <H 
UO 0) 
H << -fl 
H<0U 
UU >i 
OUH 
OUO 

< H CO 

UOH 
mh O U > 

m H < aj 
aw UUJ 

ZH<U 
CUUO M 

w u a J3 

B< 41 
UOJ 

aufl) 
H < <d 

H H O U > 
M*J<&*H 

H 

UO.fi 

uu g 

H H < 0) 

HH<Qi 
x<e « 

M H 0OU< 
(uHHH H «wC30m 
M^Oi«dHfaHH OO M 

uuo)a4»^< o o <c 

CQ G S-C 6 0 O > UO M 

0<H O 
<HUO M 

u o ou 

UO O 
UOH 
UO0U 

ou a 

H< O 
UU J 
UO H 
UO-C 

MUO M 
<tf < H >i 
WH^H 
MUUH 

ou> 

OU fl 
< HH 

ooo 

UOH 
UOflU 
<H3 
<C HH 

ouo 

HUU M 
fOUO< 

>uo o 

M «UO H 

s uoo* 

9HUU C 
3 > <C H H 
CQCJOO 

<H.OOU 
OU 



UO H 
H<H 

H uo 3 

H Q 
C UOJ 
QHUO 4) 

0 H<CU 
J3UO 4) 

S US2 

UO H 

>uo 3 

HOUH 

eouo 
uoo* 

HUO 3 
4) CUO Oi 
CU-COU* 

oy g 

UOi4 
OUH 
H< «J 
OU> 
UO o 
UO M 
HUOfc 
HH<0 
quo M 

ou a 



M 
M H 

W CUM 




<HH 



OUO 
OUO 
UO H 
_ UUO* 
^ M OU 6 

3 ><e»H 
couoo 

M-i JQ OU >1 
OUH 
OUO 



OU 3 

< e-»h 

OUO 



OUO 



UO « 
UOH 

ou< 

UO • 
H -<H 
<HH 

UO cu 
<H » 

ou< 

UO M 
OU 4) 
<HW 
UO 



o r» 



H 3 

H 0 

euoi4 
suo M 
ouo 

H<H« 
HOU (0 




uoa 
oy g 

UO< 
H OU i 
H HOU ^ 
H fi<HH 

flHHHUuS 

•h «jzoy t» 
a «<Mi<e4S 

WUUH 

ou> 

UOH 

uo 3 

HUO p 
HOU 

H 

cuo , 

HUO O 

h uo a 



V3 W H 



, w J >1 

OUH 
OUO 

ou c 

H 

Shoo a 

3 XHH 
C-QUOO 

hou tn 
sou M 

(OUO M 
.QOU O 
< HCO 
OU • 

UO CU 

85(3 

ou> 



I 

m 

o 

Lu 



H 
H H H 

CU0HH OU 
» OiHH UO 
BM OHHUO 
(d ed OOU 
A | «OU 




J3 



uo„ 
. uo g 

uo w 
ouo 
<HW 

H 

O O 



biHHHOUO 
M H CUd OU O 
QOU CUUO M 

a e bjsuoo. 
uo o 

H <C0 
OU 3 
H< © 
UO J 
UOH 
UO O 

uo 



WO 89/02922 



PCT/US88/03414 



13/13 



m 

H >i 

h >i< h»j 

(OH JJ O O M 
a> M > « U O.C 

a (0 h < h h 
<d > <d ou > 

(ft (0HMOUH 

g*h ouo 
c<H > 

auo 
uo >t 
OUH 

ouu 

UU4I 
H*C 
H < Ou 
H <C M 
UC£ 
^HH 
UO 3 
H < 4) 
UO J 
OU M 
UO 41 
H*C W 
O U 3 

H < a) 

H << M 

u u o> 
<H w 

UU 01 

< H >« 
<Hm* 

h* u 
>i 

h*ch 
ou c 

uuo 

<H C 

uo to 

OU >t 
H*!U 
UO M 

<H 5* 
H<H 

H* H 
i«H >i 

h*:h 

Eh* M 
UOJ= 
* H H . 

< H «T 
UOH 
OU< 
H< 4) 
H<.C 
H<CU 

h < a* 

H <H W 
HOU« 
O *CH 3 
.Q <HH 
SUUC3 
H< O 
H UO M 

S UOCU 

houg 

3 > *<HH 
CH J3UOO 
+4 «P Mil O U 3 

w h h*<< <u 

CUM H U O i-3 
4) XUO >i 

C UO M 
tw OU 0) 

< H cn 

UO 4) 

h<h 

<HH. 
UO M 
HUO.C 

o-uo 3 

•CH< 4) 
UO »4 
H < U 
UO-C 
<HH 
UO 
H H < 
OS H << 

O <«H 

0 <H 
4JOU 

H CN 



3 

H < o> 
UOJ 
O U 3 
H < 4) 
UOH" 
U O to 
OU >t 

h *u 

O UH 

H< (d 
ou> 
H <H 

H < <d 

ou> 

H < M 
WCJO 0J 

CUUflJ 
8UOH 

uo< 

H*C M 
UOJ3 
<HH 
<H >i 
OUH 
OUO 
H < M 
UO 0) 
H < W 

< h to 

< h >i 

< H>4 
OU 3 
EH < 4) 
H <*4 
OU C 

< HH 

uoo 

OU 3 

< HH 
OUO 
H < CU 
<H W 
OU*C 
H < M 
UO 4) 

h <w 

<H O" 
UO M 
UOCU 
OUO 
UO M 

uucu 

HUO 4) 
HH^ 
0 H <0U 
J3UOQ) 
SEh <H 

< HH 
HUO 0) 
HHrfJS 
OH<CQ< 

jauoi-4 

6H<id 

oq> 

H<C M 
UO0» 
H cn 
«C H O 
UO M 

uoa» 

H <H AS 
X UCH 

s > h< * 

*W j3UU< 
H < * 

ou> 
H < u 
uo-ca 

OU M ^ 
UO< -D 

< h w 

«S5> 



H 

< < 

n mu o a 

3 CH<CH 

4 Oi<HH 

< HH 

OUO 
OUH 
B < (d 

o u> 

OU 



ou w 

< H >i 

UO M 
OUO) 
<E*W 
UO CU 

OU c 

UOO 
OU 3 

< HH 
OUO 
<B M 
UOJ3 
<Hh 
UOH 
H< «3 
OU> 
H< M 
OUO) 

OU 3 

< EhH 
HHOUO 

hzou a 
a uuoo 

UJ3UO M 
UO 01 

eh <cn 
UO fi 

<H< 

OUH 
OUO 
OU M 

uo ai 

<B C 

uoo 

HUO 3 

CUOi-9 
6UO (d 
UOH 

ou< 

UO fl 
<H CO 

B< CU 

<ce* «o 
ou< 

OUH 

ou> 

OU CO 

<BJ 
OU CU 
OU M 

ou c 

< HH 
HUOO 
rd<HH 

o) e-» < «s 

MOU> 

to 

<< &4 >t 

UO * 
0) H UOH 
A3 0)HOU< 
<HUU3 
J5 S<HH 

souo 

< E-i cn 

OU M 

uo o 

UO M 
UOCU 
H< M 

H<B 
UO 4) 
H <*C 
H<0u 
UO C 

H &4 *C C 

Sou 

a n 



UO M 



H 



CO a) 
H CN HH 

OH Q, HC OUO) 

(do>« rt'<dH<E^co 
WJCJ3H i3 flJOU 3 

(1) a> UO >i 
id SOHOUH 

•fi ozouo 

WOJUUC 
OJH < HH 
4UOO 

< HH 

uoas 

UO M 
HUOJ3 

aU OH 
JZH< & 
OU> 
<<H 3 
<HH 
OUO 

uo w 

OU >t 
H<U 

uo <d 

UOH 
OU< 
UO M 
<H 5h 

ouoh 

«ou> 
<H « 
<B >1 

uo u 

<HH 

ICS 

IB 5H 
<B J 
OU 3 
<HH 
OUO 

uo u 
<H > 

e<H 
o a 

ou< 

< EH <d 
UOH 
OU< 
<H CO 
<H >1 

UO n 
OUO) 

h < eto 

dj ou 3 
T3 H< OJ 
TD UOn) 
HOU M 
edUOX 

cn<HH 

JSOU 3 

B< a) 

UOh) 

uo u 
uoj: 

h < Eh Eh 

£ UO M 

^ MOU C9 

3 XHW 

C J3UO M 

>m jaou a) 
h < H cn 

4)HUO 3 
T3HH< 4) 
T3 C UOJ 
Q UO M 
OUO) 
<HW 
UO M 

UO W 

uor 

UO M 
OU 4} 

< Eh cn 
uo a 

< e « 

ou< 



a r* 

<n rH 



H < H 
4) H UO 
T3H&4-* 

»o CUO 

euo 
uo 

HOU 

cuuo 

WUO 

ja < H 
uo 

vo U O 
OUO 

CNUO 
HUO 
CUOU 

W fiH < 

*QOU 

<B 

< H 
OU 

< Eh 
OU 

HOU 
HOU 

<EH± 

H < W 
OU 5h 
H <U 
O U 3 

< HH 
OUO 

< H >i 
OUH 
OUO 
OUO 
OU H 

< H< 
UO C 

< H « 

< H*C 
U O 41 

h<j: 

DUO M 
HOU 0) 
(0 < H W 
OU « 

< H >i 
<EH J 

< H M 
UOJ5 

< HH 
UOH 
H < « 
OU> 
UOO 
UO M 
U O flu 

o u 
uo 



o 



o 



o 

CN 



INTERNATIONAL SEARCH REPORT 

International Application No PCT/US 88/03414 



l CLASSIFICATION OF SUBJECT MATTER (il s«v«f*l classification symbols apply, indicate oil) 


Accofdine to International Patant Ciaaniflcation (IPC) or to bom Notional Claooification and IPC 


IPC 4 : C 12 


N 15/00; C 12 P 21/02; A 61 K 37/02;//G 01 N 33/566 


II. FIELDS SSARCHEO _ 


Minimum Documentation Searched » 


Classification Systom 


ClaoomcaUofl Symbols 


4 

IPC 


C 12 N; C 12 P; A 61 K 




OocumontoUoii Soorchod othor than Minimum Documentation 




to tho Extant that ouch Ooeumonto Qfo Inciudod In tho Fkrfdo Soarehod * 



III 



DOetSMSttTS COWSIDGR50 TO QO RBLUVAWT 0 



CatooofY • 1 Citation of Oocumont " with Indication, whoro appropriate, of tho rolovont paoooqoo '» 



Rolovont to Claim No. " 



X 



X 



X,P 
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P.j, Maddon et al.: "The isolation and 
nucleotide sequence of a cDNA encoding 
the T cell surface protein T4: a new 
member of the immunoglobulin gene 
family", pages 93-104, 
see figure 3, especially fragment T4B 

(cited in the application) 

Proceedings of the National Academy of 

Sciences of the USA, vol- 84, March 1987 
(US) So Jo Clark et al.: "Peptide 
and nucleotide sequences of rat CD4 
(W3/25) antigen: evidence for derivation 
from a structure with four immunoglobulin 
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see figure 3 
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lator then tho priority doto doimod 



T» lotor doeumont pubtlohod oftor tho International i ftlinfl doto 
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FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 



Science, vol. 238, 18 December 1987, 

D.H. Smith et al. : "Blocking of HIV-1 
infectivity by a soluble, secreted 
form of the CD4 antigen", pages 1704-1707, 
see the whole article 
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Methods for treatment of the human or animal body by surgery 
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